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V  . 


for  LINE  VOLTAGE  CONTROL 


STEPDOWN  AUTO  TRANSFORMERS 


To  reduce  line  voltage  of  200*240  volts,  50-60  eyelet,  to  100-120  volts 
50-60  eyelet  for  operating  radios,  amplifiers,  appliances,  etc.  Will  safely 
haiMHe  any  device  contutning  wattage  up  to  the  ratings  shown.  With 
six  foot  cord  and  female  receptacle. 


Tyfse  No. 

Application 

Wgt.  Lbs. 

List  Price 

R-41 

85  watt  capacity 

4 

$7.50 

R-42 

125  watt  capacity 

5 

8.50 

R-43 

175  watt  capacity 

5% 

9.50 

R-44 

250  watt  capacity 

6% 

12.50 

R.45 

500  watt  capacity 

12 

20.00 

R-46 

1200  watt  capacity 

18 

35.00 

R-64 

2500  watts  (na  cord) 

30 

70.00 

LINE  VOLTAGE  ADJUSTERS 

with  meter 


150  VARICK  STREET  •  A/  NEW  YORK  13,  N.  Y. 

EXPORT  DIVISION:  13  EAST  40th  STREET,  NEW  YORK  16,  N.  Y.,  CABLES:  “ARLAB* 


The  perfect  answer  to  abnormal  or  fiuctuatirtg  line  voltage.  Adjust  twitch 
to  that  meter  reads  at  red  line  and  you  know  that  your  equipment  it 
working  at  correct  voltage. 

These  units  combine  a  tapped  auto-transformer  with  a  twitch  and  meter 
in  a  compact,  rugged  assembly. 

The  nine  tap  twitch  provides  for  line  voltages  of  60  to  140  volts  on 
115  volt  output  models  and  1 60  to  240  volts  on  230  volt  output  models. 
All  units  are  designed  for  50/ 60  cycle  service  and  come  complete  with 
6  foot  input  cord  and  plug  and  outlet  receptacle. 


Type  No.  Primary  Voltages  Sec.  Volts  Watts  Wgt.  Lbs.  List  Price 

R-ZS  60,70,80,90,100,110,120,130,140  115  150  6  $18.00 

R.79  60,70,80,90,100,110,120,130,140  115  300  9  22.00 

R-80  60,70,80.90,100,110,120,130,140  115  600  13  30.00 

R.81  60,70,80,90,100,110,120,130,140  115  1200  21  60.00 

R.83  160,170,180,190,200,210,220,230,240  230  150  6  18.00 

R-84  160.170,180,190,200,210,220,230,240  230  300  9  22.00 

R.85  160.170,180,190,200,210,220,230,240  230  600  13  30.00 

R-86  160,170,180,190,200,210,220,230,240  230  1200  21  60.00 


ISOLATION  TRANSFORMEia 


Ideal  for  isolating  line  noise,  test  equipment,  AC-DC  sets,  etc.  Excellent 
electrostatic  shielding.  2000  volt  breakdown  test.  With  six  foot  cord 
and  female  receptacle.  Primary  110-120  volts,  50/60  cycles— Secondary 
110-120  volts. 


Type  No. 

Rating 

Wgt.  Lbs. 

List  Price 

R-73 

100  wotts 

6 

$13.00 

R-74 

250  watts 

12 

24.00 

R-75 

600  watts 

20 

35.00 

R-76 

1200  watts 

30 

55.00 

R-77 

2500  watts  (no  cord) 

70 

95.00 

dj. 


'MEISSMER 


/ 


FOR  TWENTY-FIVE  YEARS 


THE  STANDARD  OF  COIL  QUALITY! 

For  over  a  quarter  century  the  name  Meissner  has 
stood  for  the  finest  in  electronic  equipment.  Found¬ 
ed  in  1922  by  William  O.  Meissner,  (famous  for 
his  outstandingly  successful  inventions  in  communi¬ 
cations  and  electronics)  this  company  has  long 
specialized  in  the  development  and  manufacture 
of  fine  coil  equipment  for  every  application  ...  As 
a  result  of  this  vast  background  of  electronic  re¬ 
search  and  experience,  Meissner  Coils  have  become 
the  accepted  standard  among  those  who  demand 
high  quality  performance.  Precision-made,  designed 
to  the  most  exacting  requirements,  these  superior 
components  are  backed  by  a  twenty-five  year  re¬ 
putation  for  quality  and  uniformity  in  manufacture. 


A  complete  line,  including  Air  Core  i.  Fs. 
Iron  Core  Plastic  I.  Fs.  and  standard  I.  Fs. 

L_ 


ELECTRONIC  DISTRIBUTOR  AND  INDUSTRIAL  SALES  DEPARTMENT 


MAGUIRE  I  N  D  U  S  T  R  I  ES,  I  N  C  O  R  P  O  R  AT  E  D 

936  NORTH  MICHIGAN  AVENUE  •CHICAGO  11,  ILLINOIS 
EXPORT  DIVISION  •  SCHEEL  INTERNATIONAL  INCORPORATED 
4237  NORTH  LINCOLN  AVENUE,  CHICAGO  18,  ILLINOIS  •  CABLE  ADDRESS  HARSCHEEL 
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industrial 
*  amp*'"' 

*oiir'  Ttni 

SENSWW*  low-rowi 
WSTROMEHt  COKtW 

mercury  contact 

dopp«*YP«’ 

sequence 


^  ^  I  mil  r~ — -  The  tremendous  number 

of  Struthers-Dunn  Relays 
and  Timers  makes  it  possible  to  meet  most  specifications 
and  from  standard  types.  All  are  highly 
adaptable  as  to  contact,  coil  and  mounting  arrangements. 


EXACTLY 


STRUTHERS-DUNN,  INC.  •  146-150  N.  13th  ST.,  PHILADELPHIA  7,  PA. 

^ofi  ^uUetiti  ok  euuf 


STRITHERS-DDNN 


ATLANTA*  BALTIMORE*  BOSTON*  BUFFALO*  CHICAGO*  CINCINNATI  *  CLEVELAND*  DALLAS 
DENVER  *  DETROIT  *  HARTFORD  *  INDIANAPOLIS  *  LOS  ANGELES  *  MINNEAPOLIS  *  MONTREAL 
NEV<  YORK  *  PITTSBURGH  *  ST.  LOUIS  *  SAN  FRANCISCO  *  SEATTLE  *  SYRACUSE  *  TORONTO 
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BUSINESS  BRIEFS 

By  W.  W.  MacDONALD 


electronics  edition  •  July  1947 


MINIATURE  FOIL  PAPER 
METAL  TUBULAR  FOR 
TIGHT  PLACES 


Housed  in  hermetically-sealed  V*"  diame¬ 
ter  metal  tubes.  Solar  Type  QA  capacitors 
ore  of  ultra-compact  multi-paper  and  foil 
construction.  They  are  useful  in  a  wide  vari¬ 
ety  of  applications  from  hearing  aids  to  fir¬ 
ing  devices.  Capacitances  up  to  .01  mf  at 
vohoge  ratings  up  to  600  wvdc  are  standard. 

Mineral  oil  impregnated  units  are  avail- 
oble  as  Types  QAGM  and  QAIM  with 
grounded  and  insulated  sections,  respec¬ 
tively.  Halowax  units  may  be  had  by  specify-  | 
ing  Types  QAGH  and  QAIH  for  grounded 
arid  insulated  windings,  respectively. 


NEW  MOUNTING  BASE 
ON  "TWIST-PRONG" 
DRY  ELECTROLYTICS 


Introduction  of  a  new  heavy  Bakelite-rub- 
ber  mounting  base  on  Solar  Type  DY  "twist- 
prong"  dry  electrolytic  capacitors  gives 
these  units  a  more  rigid  base  assembly  than 
the  molded  rubber  base  formerly  used. 

This  new  design  permits  use  of  Type  DY 
units  as  plug-in  capacitors  by  using  the  new 
capacitor  mounting  sockets  recently  placed  ! 
on  the  market.  To  do  this  simply  cut  off  the  j 
blank  mounting  tab  on  each  capacitor. 

All  terminals  are  clearly  identified  on  each 
base  and  the  code  markings  are  stamped 
on  the  capacitor  container. 


^mnnUFRCTURIRG 

QUALITY 

CORPORRTipn 

ABOVE 

• 

285  mRDISOn  RUEnUE 

ALL 

REUJ  VORK  17.  n.  V. 

The  Parts  Show  in  Chicago  af¬ 
forded  an  excellent  opportunity  to 
check  on  the  state  of  business, 
since  exhibitors  making  compo¬ 
nents  of  necessity  have  their  finger 
on  its  pulse. 

Business  is  of  course  off  from 
the  abnormal  wartime  peak  and, 
generally  speaking,  is  probably  go¬ 
ing  off  more.  Actual  consumer 
need  is  high,  however,  despite  re¬ 
sistance  occasioned  by  high  prices, 
so  the  expected  bump  should  not  be 
deep  and  should  not  last  long  as 
such  bumps  go. 

The  market  is  spotty,  some  man¬ 
ufacturers  exhibiting  concern 
while  others  appear  to  be  feeling 
pretty  good  about  prospects.  The 
answer,  which  may  explain  why 
some  economists  are  crying  the 
blues  while  others  are  optimistic, 
is  the  simple  fact  that  for  some 
people,  in  some  branches  of  the 
field,  business  is  bad,  while  for 
other  people,  in  other  or  even  the 
same  branches,  business  is  good. 
It  is  hard  to  generalize  and  be 
right. 

Speaking  Of  The  Show,  attend¬ 
ance  was  excellent,  particularly 
with  respect  to  quality.  Exhibits 
contained  many  interesting  new 
products,  with  only  a  modicum  of 
fruit-juicers  and  ean-openers. 

Printed  Circuits  are  moving  rap¬ 
idly  out  of  the  experimental  stage. 
At  least  two  radio  set  makers  will 
be  using  Centralab  interstage 
audio  couplers  involving  the  prin¬ 
ciple  by  fall,  television  receiver 
sub-assemblies  using  the  scheme 
are  likely  to  be  seen,  and  one  man¬ 
ufacturer  is  known  to  be  planning 
an  extremely  small  personal  radio 
almost  entirely  devoid  of  conven¬ 
tional  wiring  and  components. 

Transmitter  Designers  take  note : 
Fred  Lack  of  Western  Electric, 
speaking  at  a  recent  meeting  of  an 
RMA  I  engineering  section,  said 
that  all  the  signs  point  toward  a 
greatly  expanded  transmitter  mar¬ 
ket,  but  that  while  there  will  be 
many  more  customers  in  the  future 


most  of  them  will  have  less  money 
to  spend. 

The  key  to  new  markets  may  lie 
more  in  the  engineer’s  ability  to 
design  equipment  that  does  a  satis¬ 
factory  job  at  low  cost  than  in  his 
ability  to  turn  out  gear  embodying 
expensive  refinements. 

Price  May  Be  King  for  awhile 
in  the  home  radio  receiver  market. 
That’s  the  way  it  looks  at  this 
writing.  'Fortunately,  it  is  possi¬ 
ble  to  make  a  radio  do  a  lot  of 
things  it  should  do  at  low  cost  if 
the  designer  exercises  his  ingenu¬ 
ity  in  that  direction.  The  receiver 
described  on  p  80  of  this  issue  is 
a  good  example. 

Many  A  Truth  is  spoken  in  jest. 
Rueful  laughter  greeted  the  re¬ 
cent  remark  of  a  prominent  indus¬ 
try  leader  at  a  technical  meeting 
to  the  effect  that  too  many  manage¬ 
ments  in  the  radio  business  hire 
engineers  for  the  mere  purpose  of 
adapting  new  RCA  and  Hazeltine 
Lab  circuits  to  production  and 
sales  requirements. 

Receiver  Manufacturers  licensed 
by  RCA  total  154.  Hazeltine  has  130 
on  the  books. 

Wire  Recordings  can  be  dupli¬ 
cated  in  quantities,  much  like 
movie  films.  At  least  one  company 
is  known  to  be  experimenting, 
with  the  object  of  developing  a  sys¬ 
tem  which  will  permit  many  cop¬ 
ies  to  be  made  simultaneously  from 
one  matter.  If  it  works  out  eco¬ 
nomically,  and  it  looks  as  if  it 
would,  wire  will  ultimately  be 
much  more  competitive  with  disks. 

Induction  Heating  applications 
have  sometimes  dictated  the  use 
of  tube-generated  r-f  and  some¬ 
times  called  for  power  generated 
at  a  lower  frequency  by  rotating 
machines.  Each  method  has  had 
its  field.  Now  we  hear  that  there 
may  be  a  wedding  between  the  two. 
It  seems  that  certain  applications, 
such  as  the  surface-hardening  of 
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MUSICALLY..  .  The  Tuned-Ribbon  message  in  a  feu:  icords  .  .  . 

“Startlingly  Realistic” 

One  of  the  many  superlatives  used  by  Electronic  Industries 
magazine*  in  an  editorial  describing  this  new  development. 

It  brings  to  reproduced  music  something  that  was  not  there  before. 


TECHISMCALLY .  .  .The  Tuned-Ribbon  Reproducer  actually 
meets  the  long  sought  for  theoretical  ideal  of  ^ 

•  Near*zero  mass  •  Linear  response  to  15  k.c. 

•  Practical  output  (about — 30  db) 

•  Point  Pressure  14  grams  •  Jewel  point 
•  NO  torsional  action 


V 


TINED-RIBBON  Pickuj. 
model  STlDIO-81 
( actual  size  —  special 
arm  not  shotcn ) 


•  A  model  for  every 
purpose 


*Send  for  complimentary 
reprint  of  this  editorial 


AVDAK  COMPAIVY 


500  Fifth  Avenue  New  York  18 

CREATORS  OF  FINE  ELECTRO -ACOLSTICAL  APPARATUS  SINCE  1915 


•USINESS  BRIEFS  (continued) 

gears,  might  be  handled  more  eco¬ 
nomically  by  preheating  with  a  low 
frequency  and  then  switching  to 
r-f. 


Television  Receivers  bearing  na¬ 
tionally-known  trademarks  are  not 
necessarily  made  by  the  companies 
whose  names  they  bear.  Some  are 
bought  from  other  manufacturers, 
much  as  private-brand  radios  are 
contracted  for. 

In  the  initial  stages  of  the  busi¬ 
ness  at  least,  it  is  likely  that  this 
practice  will  be  widespread.  There 
are  a  number  of  advantages,  not 
the  least  of  them  being  the  fact 
that  buyjng  rather  than  building 
ducks  the  very  considerable  in¬ 
vestment  in  engineering,  produc¬ 
tion,  and  testing  apparatus  that 
would  otherwise  be  necessary. 


Cathode  Ray  Tubes  for  televi¬ 
sion  represent  a  possible  bottle¬ 
neck  in  the  rapid  development  of 
the  art,  so  much  so  that  engineers 
from  competitive  companies  are 
finding  the  welcome-mat  out  at 
RCA’s  Lancaster  plant,  where  a 
semi-automatic  c-r  tube  production 
line  is  in  operation.  Copying  of  the 
mass-production  technique  is  thus 
encouraged.  For  awhile  at  least 
there  should  be  more  than  enough 
business  for  all. 


such  as  fishing  reels,  timing  devices,  control  motors,  etc. 
often  require  small  gears  with  specially  designed  teeth. 

Beaver  Gear  engineers  are  trained  to  assist  you  in  the 
design  and  application  of  these  gears.  In  our  modern 
plant,  craftsmen  —  with  many  year’s  experience  in 
manufacturing  gears  —  work  with  the  latest  type  of 
equipment  to  assure  you  of  receiving  gears  machined 
precisely  to  your  specifications. 

We  invite  you  to  submit  your  prints  for  quotation  with¬ 
out  obligation. 


Receiving  Tube  Production  was, 
as  predicted  back  in  February, 
substantially  in  balance  with  de¬ 
mand  in  the  Spring.  Now  the  pen¬ 
dulum  has  swung  the  other  way 
and  there  is  an  oversupply  of  most 
types.  Reason  is  twofold;  wartime 
increase  in  tube  production  capac¬ 
ity  and  consumer  resistance  to 
high-priced  radios. 


Spurs,  Helicals,  Straight  Bevels,  Sprockets, 
Racks,  Worms,  Worm  Gears,  Thread  Grinding 

Gear  Trains 


Write  Today  for  this 
FREE  BULLETIN 

Describes  Beaver  Gear’s  facili¬ 
ties  and  methods;  also  includes 
table  of  gear  tooth  parts. 


About  1,000  Models  are  turned 
out  by  radio  receiver  manufactur¬ 
ers  in  the  average  year,  regardless 
of  how'  many  manufacturers  there 
are  in  the  field,  according  to  How¬ 
ard  Sams  of  Photofact  Service.  He 
ought  to  know,  since  his  organiza¬ 
tion  must  be  set  up  to  check  the 
circuit  of  each  new  set,  and  has 
done  a  lot  of  research  on  the  sub¬ 
ject. 

Incidentally,  Howard  says  that 
few  sets  that  find  their  way  into 
the  field  have  precisely  the  circuit. 
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or  precisely  the  components,  that  ' 
manufacturers'  circuit  diagrams 
say  they  have. 

Electronic  Navigation  Aids  such 
as  loran  are  attracting  consider¬ 
able  attention  among  geophysical 
people.  Companies  searching  for 
oil,  particularly,  need  some  method 
of  marking  the  spot  where  the  body 
is  buried,  especially  if  it  happens 
to  be  buried  beneath  the  sea.  Elec-  i 
tronic  equipment  developed  during 
the  war  seems  ideal  for  the  pur¬ 
pose.  More  about  it.  in  our  feature  ^ 
pages  soon.  ,  j 

Aviation  Communications  on 
121.5  me  are  temporarily  stymied  ; 
by  lack  of  equipment.  We  under¬ 
stand  that  vhf  gear  suitable  for 
use  in  aircraft  is  now  beginning 
to  come  off  production  lines,  how-  i 
ever,  and  that  the  bottleneck  will  j 
probably  be  broken  before  winter. 

Instrument  Landing  Systems  ' 
used  by  the  AAF  during  the  war  to¬ 
talled  roughly  200.  Some  50  of  them 
have  been  relocated  at  Airforce 
Fields  in  the  United  States. 

Latin  American  Countries  will 
purchase  approximately  $17,000,- 
000  worth  of  American  radio  re¬ 
ceivers  in  1947,  according  to  the 
Department  of  Commerce. 

We  I'nderstand  that  South  Amer¬ 
icans  have  developed  a  distinct 
aversion  to  surplus  goods,  won’t 
touch  it  with  a  10-foot  pole.  IRC’s 
Harry  Ehle,  who  has  just  returned 
from  a  tropical  business  trip,  says 
they  have  been  burned  by  all  sorts 
of  trick  merchandise  and  are  now 
twice-cautious. 

We  Hear  That  the  IRE  will  rent 
Grand  Central  Palace  in  New  York 
again  next  year,  from  March  17 
to  30  if  those  dates  are  open.  More 
in  our  “News  of  the  Industry’’  de¬ 
partment  if  and  when  it  becomes 
official. 

Story  Of  The  Month  is  the  one 
about  the  manufacturer  that 
ducked  a  patent  by  turning  out  a 
cheap  timer  for  hotel  quarter-in- 
the-slot  radios.  Slick  bellboys  dis¬ 
covered  a  way  to  turn  them  on 
with  a  nailhle,  sold  this  technical 
information  to  guests  for  15^*. 


With  a  STABILINE  type  IE  Voltage  Regulator  in  the  power 
line,  electrical  apparatus  is  assured  of  constant  voltage. 
Regardless  of  line  changes  —  rapid  fluctuations  or  slow 
variations  —  the  delivered  voltage  is  held  to  within  ±0.1 
volts  of  the  preset  value.  Typical  are  the  performance  curves 
of  type  IE5101.  Although  the  input  line  voltage  may  vary 
from  95  to  135  volts,  the  preset  output  voltage  is  stabilized 
to  well  within  ±0.1  volts. 


Fluctuating  line  voltage  is  just  one  problem  of  many  in 
maintaining  constant  voltage.  Others  are  varying  frequen¬ 
cies,  loads,  power  factors  together  with  waveform  distortion. 
An  investigation  of  the  STABILINE  type  IE  will  show,  in 
addition  to  stabilization  of  ±  0.1  volts,  such  characteristics  as 
.  .  .  waveform  distortion  never  exceeding  3  percent . , ,  regu¬ 
lation  to  within  ±0.15  volts  for  any  load  current  change 
or  load  power  factor  change  from  lagging  .5  to  leading  .9. 


Write  Superior  £lectrie,  887  Laurel  Street, 
For  Information  and  Literature 


THE  SUPERIOR  ELECTRIC  c(^ 

BRISTOL,  CONNECTICUT 


Powentat  Variable  Transfomers  •  Voltbox  A  C  Power  Supply  •  Stabiliie  Voltage  Regulators. 
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CROSS 

T  A  L  K 

►  MIXED  .  .  .  Our  feelings  were  mixed  indeed  when 
we  received  in  the  same  month  two  announcements 
from  the  same  manufacturer  of  measuring  equipment. 
One  praised  a  newly-offered  device  because  it  did  not 
use  any  vacuum  tubes  or  other  components  having 
limited  life.  The  other  stated  that  another  device  was 
available  having  a  tube  conservatively  operated  for 
long  life.  Take  your  choice,  limited  life  or  long  life. 
Both  available. 

This  confusion  points  up  a  recurring  problem  in  in¬ 
dustrial  uses  of  tubes.  Tube  life  is  still  a  bugaboo;  it 
still  scares  too  many  customers  who  should  know 
better.  Long-life  tubes  are  available,  and  conservative 
designs  are  well  understood  and  widely  employed. 
Tubes  are  used,  by  and  large,  only  when  they  serve  a 
purpose  not  otherwise  obtainable  with  equal  ease  or 
economy.  If  the  design  is  right,  the  device  may  be 
used  without  concern  about  tube  life.  If  it’s  not  right, 
don’t  buy  it. 

►  PRIVILEGE  .  .  .  Since  May  first  last,  owners  of 
television  sets  served  by  the  Norwich,  Connecticut, 
municipal  power  plant  have  been  required  to  pay 
$1.26  net  extra  on  their  electricity  bill  each  month, 
not  for  juice  (which  is  charged  for  as  usual),  but 
for  the  privilege  of  having  a  set  connected  to  the  sys¬ 
tem.  This  is,  as  yet,  a  minuscule  threat  to  the  televi¬ 
sion  industry,  but  it  is  a  prime  example  of  how  mis¬ 
information  can  get  worked  into  the  rate  schedule  of 
a  public  utility.  The  extra  charge  was  worked  out 
by  a  reputable  firm  of  consulting  engineers  on  the 
following  thesis :  A  television  set  requires  about  five 
times  as  much  power  as  the  average  radio  set.  It  is 
used  primarily  at  night.  When  an  outstanding  pro¬ 
gram  is  available,  all  the  video  sets  are  turned  on, 
and  the  demand  on  the  electric  system  goes  up,  at  a 
time  when  the  lighting  load  is  already  high.  So  extra 
load  capacity  must  be  provided  to  take  care  of  the 
television  sets.  This  capacity  costs  money  and  must 
be  paid  for,  preferably  by  the  television  set  owner. 


So  far,  the  argument  makes  some  sense,  or  will  when 
everyone  in  Norwich  has  a  television  receiver  and 
gangs  up  on  the  power  company  all  at  once,  an  event 
several  years  away  by  any  count.  But  the  large 
charge  of  $1.26  gives  us  cause  to  wonder  how  it  was 
figured  out.  And  our  wonder  is  increased  when  we 
hear  that  a  large  part  of  the  charge  is  for  demand 
capacity  taken  by  500  to  1,000  watts  of  extra  lighting 
which,  the  consultants  claim,  will  be  turned  on  only 
when  the  television  set  is  working.  This  is  certainly 
a  new  idea  to  members  of  the  television  audience,  most 
of  whom  have  been  busy  turning  lights  off  before  sit¬ 
ting  down  for  television  entertainment.  The  consulting 
firm  claims  that  the  new  television  sets  will  have  pic¬ 
tures  so  bright  that  the  viewer  cannot  stand  to  view 
them  without  brightening  up  the  room  some  500  to 
1,000  watts  worth.  Whew!  The  new  picture  tubes  are 
bright  all  right,  but  they  are  operated  at  peak  bright¬ 
ness  only  when  sunlight  streams  in  the  windows  and  it 
is  inconvenient  to  draw  the  shades.  At  night,  the  tele¬ 
viewer  adjusts  the  brightness  control  to  suit  the  nor¬ 
mal  room  illumination.  True,  he  doesn’t  have  to  turn 
off  any  lights.  But,  by  all  that’s  holy,  he  doesn’t  have 
to  turn  any  on.  Viewers  in  Norwich  are  advised  to  look 
for  real  estate  across  the  town  line.  Or  better  yet,  invite 
the  power  company  manager  in  to  see  the  ball  game 
(night  game,  that  is). 

►  AD  ...  A  50-kw  broadcast  station  recently  adver¬ 
tised  in  a  Boston  paper  that  it  was  “New  England’s 
Most  Powerful  Station’’,  basing  this  claim  on  its  allo¬ 
cation  to  a  low-frequency  channel.  The  ad  goes  on 
to  explain,  “The  lower  the  position  on  the  dial,  the 
more  power  per  watt.’’  We  wonder  whether  the  power 
companies  know  about  this.  A  60-cycle  watt,  by  this 
rule,  ought  to  be  a  pretty  powerful  hunk,  and  ought  to 
cost  more  in  proportion.  But  a  watt’s  a  watt  for  all 
that,  whether  wiggling  fast  or  slow.  The  slow  ones 
just  last  a  little  longer,  especially  over  the  roclrr  soil 
of  the  Pilgrim  fathers. 
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of  Space  Saying  Design  and  Mallory  Precision  Quality 

. . .  Yet  They  Cost  No  More  ! 


ENGINEERING  DATA  SHEET 

Send  for  the  Mallory  Ei^ineer- 
ing  Data  Sheet  on  the  RSA-50 
and  RSA-60.  It  contains  com¬ 
plete  specifications  for  available 
circuit  combinations  with  re¬ 
spective  terminal  locations, 
dimensional  drawings — every¬ 
thing  the  engineer  needs  to 
adapt  the  RSA-50  or  RSA-60 
switch  to  a  particular  circuit. 

SPECIFICATION  SHEETS 

Specification  sheets  for  the  RSA-50 
and  RSA-60  switches  have  also 
been  prepared.  These  sheets  are 
printed  on  thin  paper  to  permit 
olueprinting.  The  sectional  draw¬ 
ings  indicate  standard  and  optional 
dimensions — make  it  easy  for 
you  to  order  production  samples 
built  to  your  requirements. 


Where  space  is  a  factor — dependabilitv  essential — lotv  cost  a  prerequisite — the  Mallory 
RSA-50  and  RSA-60  switches  fill  the  hill ! 

These  new  circuit  selector  switches,  with  section  and  terminal  design  identical  to  that  of 
the  famous  Mallory  RS-50  and  RS-60  switches,  are  designed  for  band  and  tone  control 
switching  in  radio  receivers  and  other  electronic  applications  where  medium  and  low 
torque  indexing  action  is  desired. 

The  index  assemhly  is  of  durable  design  and  constructed  with  a  minimum  of  parts — 
affording  dependable  service  life  with  low  torque  and  positive  indexing  action. 

Note  these  many  features,  inherent  in  all  the  Mallory  RS  series,  which  contribute  to 
the  dependability  and  quality  of  these  two  new  additions  to  the  line: 

#  Insulation  of  high-grade.  low-loss  laminated  phenolic. 

#  Terminals  and  contacts  of  special  Mallory  spring  alloy,  heavily  silver-plated  to 
insure  long  life  at  low  eontact  resistance. 

#  Terminals  held  securely  by  exelusive  Mallory  two-point  fastening  —  heavy  staples 
prevent  loosening  or  twisting. 

#  Double  wiping  action  on  contacts  with  an  inherent  flexing  feature — insures  good 
electrical  contact  with  the  rotor  shoes  throughout  rotation. 

#  Six  rotor  supports  on  the  stator — insure  accurate  alignment. 

#  Brass  rotor  shoes,  heavily  silver-plated — insure  low  contact  resistance. 

#  All  shoes  held  flat  and  securely  to  phenolic  rotor  by  rivets — prevents  stubbing — 
insures  smooth  rotation — minimum  of  noise  in  critical  circuits. 

The  RSA-50  and  RSA-60  are  both  available  in  one  or  two  section  construction.  The 
RSA-50  accommodates  up  to  twelve  terminals  on  either  side  of  the  section  and  provides 
from  2  to  6  positions.  The  RSA-60  accommodates  up  to  ten  terminals  on  either  side  of 
the  section  and  provides  from  2  to  5  positions.  The  RSA-60  has  the  narrow  section 
design — ideal  for  under  chassis  mounting,  where  space  saving  is  paramount. 


SWITCHES 
(ELECTRONIC,  INDUSTRIAL  and  APPLIANCE) 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 
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,cuit  covers  the  range  from  9.2  to  12 
me,  with  voltage  gains  ranging 
from  4  to  40  over  the  band. 

Although  these  variations  in  gain 
introduce  corresponding  variations 
in  sensitivity  over  the  s-w  and  f-m 
bands,  the  overall  sensitivity  at  the 
lowest  points  is  still  well  above  the 
usual  performance,  and  the  saving 
in  component  and  assembly  cost  due 
to  the  elimination  of  an  extra  ca¬ 
pacitor  gang  and  switching  is  well 
justified.  The  overall  sensitivity  as 
a  function  of  frequency  in  each 
^and  is  illustrated  in  Fig.  11. 
^Further  simplification  in  switch¬ 
ing  is  obtained  by  the  use  of  an  un- 
iLual  local  oscillator  circuit.  The 
f^o  halves  of  the  split-stator  capaci- 
^r.  Fig.  9,  are  connected  in  series 
for  tuning  the  f-m  band,  thus  pro¬ 
ducing  a  low  capacitance  (about  29 
/»»if)  which  tunes  the  single-turn 
silver-plated  oscillator  coil,  shown 
at  the  front  in  Fig.  9.  Soldered  di¬ 
rectly  at  the  ends  of  this  turn  is  a 
temperature-compensating  5Z-nfd 
ceramic  fixed  capacitor. 

The  solid  mechanical  structure  of 
this  assembly,  the  high-capacitance 
design,  plus  the  temperature  com¬ 
pensation  produce  a  highly  stable 
oscillator.  Drift  is  less  than  20  kc 
under  all  normal  operating  condi¬ 
tions.  The  set  may  be  tuned  to  any 
f-m  channel  from  a  cold  start  and 
requires  no  further  retuning. 

For  tuning  the  shortwave  and 
broadcast  bands,  the  split-stator 
unit  is  connected  in  the  parallel 
connection  and  additional  induc- 


FIG.  2 — Dial  panel  and  chastit  of  the  receiTer 


fidelity,  since  high  selectivity  was 
considered  more  essential  for  night¬ 
time  listening  on  the  a-m  services. 

High  selectivity  is  also  achieved 
on  the  f-m  band.  Figure  6  shows 
the  bandpass  of  the  10.7-mc  inter¬ 
mediate  frequency  for  f-m  (a  con¬ 
ventional  single  superheterodyne 
circuit  is  used  for  f-m).  The  humps 
of  this  curve,  separated  150  kc,  are 
positioned  so  they  fall  on  the  humps 
of  the  discriminator  characteristic, 
the  combination  of  the  two  curves 
producing  a  linear  detection  char¬ 
acteristic  with  steep  skirts  (Fig.  7) . 
As  a  result,  the  gain  of  the  i-f 
stages  and  the  voltage  output  of  the 
discriminator  are  higher  than  nor¬ 
mal,  and  the  selectivity  is  greater 
than  can  be  achieved  with  the  same 
components  conventionally  tuned. 
No  limiter  is  used. 

Low  noise  is  achieved  on  all 
bands  by  cave  in  front-end  design 
and  is  preserved  by  the  use  of  a 
6AC7  high-g„  converter.  On  the 
f-m  band,  the  input  circuit  is  an 
electrostatically  shielded  “hairpin” 
inductively  coupled  to  center-topped 
coils,  as  shown  in  Fig.  8.  The  bal¬ 
anced  circuit  arrangement  reduces 
any  reradiation  from  the  local  oscil¬ 
lator.  On  the  broadcast  band,  a 
low-impedance  loop  antenna  is  used, 
composed  of  a  single  turn  of  two- 
conductor  75-ohm  polyethylene-in¬ 
sulated  transmission  line,  cross  con¬ 
nected  to  produce  two  turns. 

Switching  of  bands  is  accom¬ 
plished  with  but  two  switch  wafers, 
as  shown  in  Fig.  14.  Perhaps  most 
indicative  of  the  extent  to  which 
parts  have  been  eliminated  is  the 


tuning  capacitor,  shown  in  FiiiK 
This  comprises  but  two  variable 
tions,  a  split-stator  unit  (with  :|H| 
per  stator  plates)  for  local  c 
lator  tuning,  and  a  conventionaliJt 
tion  for  tuning  the  broadcast-fj® 

No  tuning  is  used  in  the  ante^ffi 
circuits  for  shortwave  and  f-m 
ices.  These  input  circuits  are«|| 
signed  as  broadband  fixed-tuned 
cuits  which  accept  the  whole  b^H^ 
The  bandpass  characteristic  of 
antenna  input  circuit  for  the  f-m 
band  is  shown  in  Fig.  10.  As  shown, 
the  band  from  88  to  108  me  is  con¬ 
tained  within  this  curve,  with  volt¬ 
age  gain  ranging  from  0.2  at  the 
band  edges,  to  1.4  and  0.9  respec¬ 
tively  at  the  two  peaks.  A  similar 
curve  for  the  shortwave  input  cir- 


FIG.  3 — Layout  of  components  prOTides  short  leads  for  hiqh  frequency  bands 
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A  New  Approach  to 
F-M/A-M  Receiver  Design 


An  eight-tube  double  superheterodyne,  with  one  of  the  local  oscillators  crystal-  controlled, 
achieves  unusual  selectivity,  sensitivity  and  low  noise  on  broadcast,  shortwave  and  f-m 

bands,  with  a  minimum  of  components  . 


FIG.  1 — Simple  chassis  layout  speeds  production 


For  years  the  complaint  has 
been  heard  that  there  have 
been  no  new  ideas  in  the  design  of 
broadcast  and  shortwave  receivers. 
The  editors  of  Electronics  were 
resigned  to  this  state  of  affairs 
when  Mr.  B.  V.  K.  French,  who 
qualifies  as  a  neutral  observer, 
called  their  attention  to  a  radio 
receiver  incorporating  many  un¬ 
usual  engineering  techniques.  This 
receiver  is  the  model  86CR  produced 
by  the  Crosley  Division  of  the 
AVCO  Corp.  Thus  encouraged,  the 
editors  approached  the  Crosley  or¬ 
ganization  for  full  details,  which 
were  graciously  supplied  and  are 
herewith  presented. 


The  receiver,  chassis  views  of 
which  are  shown  in  Figs.  1,  2  and  3, 
is  an  eight-tube  double  superhetero¬ 
dyne  which  covers  the  broadcast 
band,  a  bandspread  shortwave  band 
including  the  25  and  31  meter  re¬ 
gions,  and  the  f-m  band.  The  aim 
of  the  design  was  to  produce  a  “hot” 
receiver,  that  is,  one  having  very 
high  sensitivity  and  low  noise  on  all 
bands,  free  from  spurious  re¬ 
sponses,  using  a  minimum  of  com¬ 
ponent  parts,  simple  enough  to  be 
produced  on  a  high-speed  line,  and 
stable  enough  to  satisfy  consumer 
requirements,  particularly  with  re¬ 
spect  to  tuning. 

The  sensitivity  on  the  various 


bands  is  illustrated  in  Fig.  4.  One 
watt  of  audio  power,  using  the 
RMA  standard  input  signal  (modu¬ 
lated  400  cps,  30-percent  a-m  or 
22.5-kc  deviation  f-m),  is  obtained 
with  an  average  input  of  20  micro¬ 
volts  on  the  f-m  band,  3.7  micro¬ 
volts  on  the  a-m  shortwave  band, 
and  2.5  microvolts  on  th6  a-m  broad 
cast  band. 

The  noise  output  at  full  audio 
gain,  shown  also  in  Fig.  4,  is  below 
35  milliwatts  on  shortwave,  and  it 
is  suppressed  by  a  20-microvolt 
input  signal;  on  a-m  broadcast 
using  a  built-in  loop  the  noise  does 
not  exceed  500  milliwatts  even  with 
very  weak  input  signals,  and  is  sup¬ 
pressed  by  a  200-microvolt  input 
signal.  On  f-m,  the  noise  has  the 
unusually  low  figure  of  1  to  4  milli¬ 
watts  independent  of  input.  This 
value  is  so  low  that,  in  tuning  from 
one  station  to  another  in  the  f-m 
band,  no  hiss  is  heard  between  sta¬ 
tions  unless  the  audio  gain  is  wide 
open. 

Freedom  from  spurious  re¬ 
sponses,  so  necessary  in  a  highly 
sensitive  receiver,  is  obtained  with¬ 
out  employing  an  r-f  stage.  Instead, 
the  necessary  selectivity  against 
such  responses  is  obtained,  in  the 
a-m  bands,  by  a  double  super¬ 
heterodyne  circuit.  The  selectivity 
achieved  by  this  arrangement  is 
shown  in  Fig.  5.  The  response 
curves  have  a  bandpass  shape  which 
maximizes  the  ratio  of  audio  fidelity 
to  selectivity.  The  receiver  was  not 
designed  for  the  highest  possible 
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167.5  kc  or  the  10.7  me  i-f,  without 
switching,  by  virtue  of  the  tuned 
circuits  in  series.  The  upper  pair 
of  circuits  in  the  diagram  are  ef¬ 
fectively  short  circuits  at  167.5  kc, 
so  only  the  lower  pair  operate.  The 
167.5-kc  i-f  is  thus  passed  to  the 
6SG7  amplifier  and  thence  to  an¬ 
other  dual-purpose  coupling  unit. 
The  lower  units  are  resonant  at 
167.5  kc,  while  the  upper  units  (the 
10.7-mc  discriminator  primary  coil) 
i«  effectively  a  short  circuit. 

.  The  167.5-kc  coupling  unit  passes 
the  signal  to  the  diode  of  the  6SQ7, 
where  it  is  detected  and  passed, 
through  the  rear  of  wafer  2,  to  the 
triode  section  of  the  same  tube.  The 
tone  control  in  the  plate  circuit  of 
this  triode  is  an  unusual  two-section 
unit,  consisting  of  two  isolated  re¬ 
sistance  segments,  one  across  a  ca¬ 
pacitor  in  the  bass-compensating 
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FIG.  7 — Orerall  characteristic  of  the  f-m  i-i  channel  at  60  micioYolta  input 


The  difference  frequency  of  167.5  kc  transformer,  thus  tuning  them  to- 
is  amplified  in  the  second  6SG7  tube  5,825  kc.  The  link  coupling  (20) 
with  a  gain  of  175.  This  i-f  signal  between  coils  11  and  19  is  also 
is  then  demodulated  in  the  diode  tuned  to  this  frequency,  so  the 
section  of  the  6SQ7,  and  the  re-  whole  transformer  acts  as  a  four- 
sultant  amplified  at  audio  by  the  circuit  transformer,  having  a  dou- 
same  circuits  as  in  the  f-m  case.  ble-humped  bandpass  curve. 

The  output  of  this  transformer 
Circuit  Details  jg  passed  to  the  second  mixer.  The 

second  local  oscillator,  its  plate  en¬ 
ergized  through  tap  1  of  the  front 
section,  wafer  2,  oscillates  at  5,992.5 
kc  and  its  output  is  capacitively 
coupled  through  the  rear  section  of 
wafer  2,  to  the  grid  of  the  second 
mixer,  thereby  developing  the  sec¬ 
ond  i-f  of  167.5  kc.  This  signal  *is 
passed  through  a  dual-purpose  i-f 
transformer  which  passes  either  the 


The  complete  circuit  diagram  of 
the  model  86CR  receiver  is  shown  in 
Fig.  14.  Consider  first  the  broad¬ 
cast  band,  in  which  position  the 
wave-change  switch  is  shown.  The 
loop  and  loading  coil,  tuned  by  the 
larger  of  the  two  ganged  capacitors, 
(Fig.  9)  are  connected  to  the  wave- 
change  switch  (rear  of  section  1, 
tap  7  and  tap  10)  to  the  grid  of  the 
first  mixer.  The  loading  coil  acts 
as  a  5825-kc  trap. 

The  local  oscillator  operates  at 
broadcast  frequency  plus  5,825  kc, 
by  virtue  of  the  connection  through 
taps  2,  3,  and  5  on  the  front  of 
wafer  section  1.  These  connect 
coils  15  and  16  and  capacitors  56 
and  130  between  the  grid  and  plate 
of  the  first  local  oscillator.  The  lo¬ 
cal  oscillator  tuning  capacitor  has 
its  two  sections  (28B)  connected 
in  parallel  by  the  single-turn  coil 
(24)  which  acts  as  a  short  circuit 
at  the  local  oscillator  frequencies 
from  540  to  1,600  kc,  plus  5,825  kc. 

The  intermediate  frequency  thus 
developed  is  passed  by  the  first 
mixer  to  the  5,825-kc  i-f  trans¬ 
former  (coils  11,  20,  and  19).  The 
capacitors  shown  immediately  below 
are  connected,  by  the  front  and  rear 
sections  of  wafer  section  2,  across 
the  input  and  output  coils  of  this 


FIG.  8 — The  balanced  antenna  transionner 
employa  electrostcrtic  shielding 


FIG.  9 — Front-end  tuning  assembly.  The  single-turn  coil  permits 
oscillator  for  the  f-m  band 
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FIG.  4 — Orerall  aensitivity  cunrea.  The  noiae  on  the  f-m  range  ia  one  to  lour 

milliwatta 


tances  are,  switched  to  the  center 
tap  of  the  single-turn  coil.  Both  lo¬ 
cal  oscillator  connections  form  CJol- 
pitts  circuits,  and  the  change  from 
one  to  the  other  requires  only  two 
switch  points.  The  local  oscillator 
feeds  2.5  volts  to  the  converter. 

The  second  local  oscillator,  con¬ 
nected  by  the  switch  when  in  the 
shortwave  and  broadcast  positions, 
is  a  crystal  oscillator  circuit, 
which  requires  only  two  com¬ 
ponents  in  addition  to  the  tube,  the 
crystal  itself  and  a  fixed  resistor. 
The  crystal,  operating  at  5,&92.6  kc, 
is  a  hermetically  sealed  unit,  shown 
in  Fig.  12.  This  unusual  mounting, 
derived  from  similar  housings  used 
in  high-quality  paper  capacitors, 
offers  high  stability  and  low  cost 
(the  cost  of  the  crystal  and  assem¬ 
bly  is  well  under  one  dollar).  When 
the  set  was  first  designed  an  ordi¬ 


nary  tuned-circuit  was  used  in  the 
second  local  oscillator  but  this 
proved  difficult  to  adjust,  both  in 
factory  alignment  and  in  field  serv¬ 
icing.  Even  a  minor  shift  in  the 
second  local  oscillator  frequency 
would  so  disturb  the  tuning  as  to 
make  alignment  of  the  first  local 
oscillator  very  difficult.  The  adop¬ 
tion  of  the  crystal-controlled  cir¬ 
cuit  solved  these  problems  at  a 
stroke,  and  the  alignment  is  now  no 
more  difficult  than  that  of  a  conven¬ 
tional  single  superheterodyne. 

Tube  Lineup  F-M  A-M 

Block  diagrams  for  the  f-m  and 
a-m  connections  are  shown  in  Fig. 
13.  In  the  f-m  position  of  the  wave- 
change  switch,  the  first  tube  is  the 
mixer,  type  6AC7  with  bandpass 
tuning.  It  offers  the  unusually  high 
conversion  gain  of  40  times.  The 
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FIG.  5 — SelectiTity  cunres  for  the  two  a-m  bands 


local  oscillator,  one  half  of  a  7F8 
double  triode,  is  tuned  through  the 
range  from  98.7.  to  118.7  me.  This 
places  the  intermediate  frequency 
at  the  usual  value,  10.7  me,  for  f-m 
service.  The  two  following  tubes, 
type  6SG7,  act  as  i-f  amplifiers, 
with  a  gain  of  60  per  stage.  Follow¬ 
ing  is  a  6H6  double  diode  in  a  con¬ 
ventional  Foster-Seeley  discrimina¬ 
tor,  adjusted  for  12  volts  output  per 
volt  input  to  the  discriminator  with 
22.5-kc  deviation. 

The  audio  output  is  passed  to  the 
triode  section  of  a  6SQ7  diode-triode 
and  thence  to  a  6V6  beam  power 
output  stage.  Maximum  power  out¬ 
put  is  8  watts. 

For  a-m  service  the  double  super¬ 
heterodyne  connection,  shown  at  the 
bottom  of  Fig.  13,  is  used.  The 
6AC7  converter  (now  the  first 


FIG.  6 — Bandpass  characteristic  of  the  first 
i-f  transformer  for  f-m 


mixer)  displays  a  conversion  gain 
of  20  times  in  this  circuit.  The  first 
local  oscillator  signal  is  injected 
into  the  first  converter  from  the 
same  local  oscillator  as  in  the  f-m 
case,  which  is  now  switched  to  pro¬ 
duce  frequencies  5,825  kc  higher 
than  the  incoming  signal.  Thus  the 
first  i-f  frequency  is  5,825  kc. 

The  5,825-kc  i-f  signal  is  passed 
to  the  first  of  the  6SG7  tubes,  now 
switched  to  operate  as  a  second 
mixer,  with  a  conversion  gain  of 
about  50  times.  Mixed  in  this  stage 
is  the  second  local  oscillator  fre¬ 
quency,  5,992.5  kc,  obtained  from 
the  crystal  oscillator  in  the  second 
section  of  the  7F8  double  triode. 
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and  capacitor  123  (shown  to  left 
of  the  front  portion  of  wafer  sec¬ 
tion  2)  becomes  effective  between 
the  input  and  output  of  the  i-f 
transformer.  These  changes  tune 
the  transformer  to  10.7  me.  Coil  20, 
at  10.7  me  is  effectively  an  open  cir¬ 
cuit,  and  the  link  coupling  between 
the  input  and  output  coils  becomes 
aperiodic. 

After  passage  through  the  6SG7 
first  i-f  amplifier,  the  10.7-mc  sig¬ 
nal  is  passed  through  the  second  i-f 
transformer,  which  transfers  from 
167.5  kc  to  10.7  me  operation  with¬ 
out  switching.  In  the  f-m  position, 
the  upper  tuned  circuits  of  this  unit 
(80  and  81)  are  resonant  at  10.7 
me,  while  the  lower  circuits  in  effect 
constitute  short  circuits  (being 
tuned  to  167.5  kc).  This  trans¬ 
former  preserves  the  double¬ 
humped  response  characteristic. 

The  signal  then  passes  through 
the  second  6SG7  i-f  amplifier  to  the 
discriminator  transformer.  The 
audio  output  of  the  discriminator  is 
switched  by  the  rear  of  wafer  2  to 
the  grid  of  the  6SQ7  audio  tube, 
and  thence  to  the  power  output 
stage. 

The  audio  fidelity  on  f-m  is  the 
same  as  on  a-m.  This  is  one  of  the 
few  design  decisions  with  which 
this  reviewer  would  disagree.  The 
explanation  given  by  the  designers 
is  that  an  extension  of  the  higher 
frequency  range,  desirable  as  it 
might  be  in  f-m  service,  would  re¬ 
quire  more  power  output  for  low 
audio  frequencies  than  is  available 
from  the  chassis. 


In  view  of  the  desire  to  secure 
high  sensitivity  and  low  noise  at  the 
lowest  possible  cost,  the  upper  audio 
frequencies  are  substantially  atten¬ 
uated.  Audio  output  as  high  as 
8,000  cps  is  audible  when  the  tone 
control  is  in  the  mid  position,  but 
the  receiver  is  not  flat  to  this  level. 

The  86CR  receiver  design  was 
conceived  and  directed  by  John  D. 
Reid,  manager  of  research  and  de¬ 
velopment  of  the  Crosley  Division. 
Messrs.  Bass,  Cohen,  Holst,  Kil- 
gour  and  Sweeney,  engineers  of 
the  Division,  made  substantial  con¬ 
tributions  and  did  the  actual  devel¬ 
opment  work. — D.G.F. 


FIG.  12 — Simple  conitruction  of  tho  hor- 
moticoUy  tooled  quartz  crystal  unit.  Uttle 
more  than  on  inch  long,  it  mounts  like  a 
paper  bypass  capacitor 
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FIG.  13 — Arrangement  of  the  stages  for  i-m  and  the  two  a-m  bands 
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FIG.  14 — Complete  circuit  of  the  Crosley  model  86CR  receirer.  The  band  switch  it  in  the  b-c  position,  t-w.  f-m.  and  phono  are 

succestiTely  clockwise 
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FIG.  10 — Bandpass  jhoiactsristic  of  the  antenna  input  circuit  in  the  f-m  position.  The 
bcmd  from  88  to  108  me  is  covered  without  tuning,  and  with  unusually  low  noise 
level,  by  a  high-gm  pentode  converter  stage 


FIG.  11 — Overall  sensitivity  curves  as  functions  of  frequency  over  the  three  bands. 
The  variation  in  sensitivity  over  the  f-m  band  is  due  to  the  bandpass  characteristic 

shown  in  Fig.  10 


volume-control  circuit,  the  other  in 
series  with  a  capacitor  to  the  triode 
plate  for  attenuation  of  high  audio 
frequencies.  This  arrangement  pro^ 
vides  an  unusually  wide  range  of 
tone  control  action  with  minimum 
use  of  parts. 

In  the  shortwave  position,  the 
wave-change  switch  is  rotated  one 
tap  clockwise.  This  disconnects  the 
broadcast  loop  antenna,  and  con¬ 
nects  in  its  place  the  shortwave 
bandpass  (untuned)  circuit, 
through  taps  8  and  10  of  the  rear 
section,  wafer  1,  to  the  grid  of  the 
first  mixer.  The  shortwave  input 
circuit  is  connected  to  the  center 
tap  of  the  f-m  input  ci'cuit  pri¬ 
mary,  thus  using  the  built-in  f-m 
dipole  and  its  transmission  line  as 
a  T  antenna  for  shortwave  pick-up. 
The  change  from  tap  3  to  4  on  the 
front  of  wafer  1,  removes  section 
15  of  the  local  oscillator,  thus  shift¬ 
ing  its  frequency  higher,  so  that  it 
tunes  from  9  to  12  me,  plus  5,825  kc. 

In  the  f-m  position,  the  wave- 
change  switch  is  rotated  clockwise 
to  the  next  tap.  Wafer  1  of  the 
wavechange  switch  disconnects  the 
shortwave  coil,  and  connects  the  sec¬ 
ondary  of  the  f-m  antenna  coupler 
to  the' mixer  grid.  The  coupler  con¬ 
sists  of  the  single-turn  hairpin  pri¬ 
mary,  coupled  to  the  70-ohm  trans¬ 
mission  line  and  dipole,  the  latter 
mounted  in  the  cabinet.  The  short¬ 
wave  primary  now  serves  as  an  i-f 
trap  for  10.7  me.  The  hairpin  is  elec¬ 
trostatically  shielded  from  the  bal¬ 
anced  secondary  coils. 

The  local  oscillator  voltage  is  in¬ 
jected  at  the  center  tap  of  the  coil, 
by  virtue  of  the  connection  between 
taps  12  and  1,  on  the  front  of  wafer 
section  1.  Other  taps  on  the  same 
wafer  remove  coils  15  and  16  in  the 
local  oscillator  circuit.  The  single¬ 
turn  local-oscillator  coil  resonates 
at  the  f-m  station  frequencies  plus 
10.7  me,  and  the  split-stator  capaci¬ 
tors,  28B,  automatically  assumes  the 
series  connection,  without  the  nec¬ 
essity  of  switching.  The  plate  volt¬ 
age  for  the  second  local  oscillator 
is  disconnected  in  the  f-m  band  posi¬ 
tion,  since  its  output  is  not  used. 

The  output  of  the  mixer,  the  10.7- 
mc  i-f  signal,  is  passed  to  the  same 
i-f  transformer  as  in  the  broadcast 
and  shortwave  positions.  In  the 
f-m  position,  however,  capacitors 
61,  52,  53  and  62  are  disconnected 
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Chasais  Tiaw  oi  th«  intenral  timer,  ahowing  the  precision  wire-wound  resistors  that  are  selected  by  switch  dials. 

A  power  supply  is  included  on  the  same  chassis 


and  draws  about  4  watts.  The  con-  It  should  be  noted,  in  the  above 
tacts  on  this  relay  are  rated  ‘at  switching  program,  that  the  cur- 
15  amperes,  noninductive  load.  rents  in  the  primary  relay  contacts 

The  circuit  operates  as  follows:  are  zero  or  very  small  on  breaking 
when  the  timing  cycle  is  initiated,  sequences.  All  heavy  currents  are 
no  current  is  flowing  through  any  handled  on  contact  make,  when  con- 
set  of  contacts  on  A,.  After  this  tact  pressure  is  maximum,  this  fact 
relay  has  opened,  one  set  of  con-  insuring  long  life  and  trouble-free 
tacts  connects  the  coil  of  the  power  operation  to  the  system, 
relay  A.  to  the  115- volt  a-c  supply. 

One  set  of  contacts  on  A.  closes  to 
connect  the  external  circuit.  The 
other  set  of  contacts  on  this  relay 
locks  in  the  relay  by  connecting  its 
coil  to  the  a-c  line  in  series  with  a 
200-ohm  resistor. 

After  this  operation  most  of  the 
current  is  removed  from  the  con¬ 
tacts  of  the  primary  relay,  prevent¬ 
ing  arcing  of  the  inductive  load  as 
the  armature  pull  increases  to  end 
the  timing  cycle.  As  the  primary 
relay  closes,  one  set  of  contacts 
shorts  the  coil  of  the  secondary  re¬ 
lay  to  open  it  and  break  the  lock-in 
circuit.  During  this  fraction  of  a 
second  the  115  volt  a-c  supply  is 
across  the  200-ohm  resistor. 


Substituting  values  shown  in  the 
circuit  diagram,  f  =  10  X  3  In  150/ 
5  =  102  sec. 

An  examination  of  Eq.  1  shows 
that  the  timing  circuit  depends  not 
only  on  the  RC  constant  but  also  the 
initial  potential  of  the  capacitor, 
which  may  be  further  increased  to 
obtain  greater  time  periods.  An¬ 
other  advantage  of  this  circuit  is 
the  fact  that  the  timing  interval 
will  always  terminate.  Leakage 
will  shorten  the  timing  period, 
rather  than  prevent  its  termina¬ 
tion — a  preferred  condition. 

R«lay  Switching 

Another  problem  to  be  considered 
when  dealing  with  these  types  of 
timing  circuits  is  that  concerning 
the  relays.  The  system  shown  ex¬ 
hibits  none  of  the  faults  associated 
with  several  previous  circuits  inves¬ 
tigated.  Relay  Ai  is  a  miniature 
type  and  operates  on  a  current  of 
about  20  milliamperes.  The  coil 
resistance  is  1,500  ohms.  The  power 
relay  operates  from  115  volts  a-c 


Choice  of  Components 

Precision  resistors  accurate  to 
plus  or  minus  1  percent  have  been 
used  in  the  model  shown.  After  a 
15-minute  warmup,  the  timer  oper¬ 
ates  with  an  accuracy  of  plus  or 
minus  2  percent  or  better.  Another 
model  constructed  with  standard 
metallized  resistors  gave  a  result¬ 
ing  accuracy  within  plus  or  minus 
5  percent. 

The  timing  capacitor  Ci  must 
have  a  high  resistance.  Two  com¬ 
mercial  types  found  practical  and 
inexpensive  were  a  Tobe  Filter- 
mite  rated  at  3  (if,  600  volts  d-c  and 
a  similar  unit  manufactured  by 
Cornell-Dubilier. 
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INTERVAL 
T I  ME  R 

Timing  periods  in  O.l-second  increments  for  the  range  0.1  to  100  seconds  can  be  set  up 
on  direct  reading  dials.  The  period  depends  upon  reduction  of  control-tube  bias  by  dis¬ 
charge  of  an  RC  circuit.  High  accuracy  is  attained  using  standard  parts.  A  power  relay 

in  the  output  handles  15  amperes 


By  E.  L.  DEETER 
and  W.  K.  DAU 

Naval  Ordnance  Laboratory 
Washington,  It.  C. 


IN  MANY  INSTANCES  it  is  desir¬ 
able  or  necessary  to  control 
automatically  the  operating  time  of 
electrical  devices.  This  is  especially 
true  when  the  time  interval  is  to 
be  of  short  duration.  The  high  re¬ 
sistance  required  in  a  conventional 
type  of  RC  circuit  to  obtain  a  useful 
range  of  time  periods  is,  however, 
a  disadvantage.  When  used  in  photo¬ 
graphic  darkrooms  where  a  highly 
humid  atmosphere  exists,  leakage 
over  insulation  surfaces  of  the  cir¬ 
cuit  will  greatly  affect  the  calibra¬ 
tion  and  operation.  It  is  therefore 
desirable  to  increase  the  maximum 
time  interval  without  increasing  the 
size  of  the  RC  elements. 

The  timer  to  be  described  has 
proven  itself  reliable  and  has  oper¬ 
ated  accurately  over  long  periods 
of  use.  In  the  laboratory  it  has 
been  used  to  furnish  the  timing 
cycle  for  such  operations  as  induc¬ 
tion  soldering,  photographic  enlarg¬ 
ing,  and  contact  printing.  The 
timer,  which  furnishes  periods  in 
0.1  second  increments  from  0.1  sec¬ 
ond  to  100  seconds,  is  built  around 
a  straightforward  circuit,  incorpo¬ 
rating  some  interesting  features. 

Basic  Timing  Circnit 

The  schematic  circuit  diagram 
shows  that  the  control  grid  is  nor¬ 
mally  supplied  with  a  small  bias 
voltage.  The  value  is  low  (about  2 
volts),  and  is  variable  for  calibra¬ 
tion  purposes.  Operating  with  150 
volts  on  the  plate,  the  tube  resist¬ 
ance  is  such  as  to  cause  the  relay  to 
close  during  the  nonoperating  pe¬ 


riod  of  the  instrument.  During 
this  period  the  charge  on  the  RC- 
circuit  capacitor  Ci  will  be  low  and 
always  less  than  that  bias  which 
allows  the  relay  Kx  to  drop  out. 

A  double-pole  single-throw  trans¬ 
fer  switch  Sx  initiates  the  timing 
interval.  The  switch  is  momentarily 
held  over  to  place  the  capacitor 
across  the  regulated  d-c  supply  of 
150  volts,  and  then  released  to  the 
normal  position  as  shown.  This  ac¬ 
tion  places  a  negative  bias  of  150 
volts  on  the  control  grid  of  the  6V6 
tube.  The  primary  relay  Kx  then 
opens  to  start  the  timing  interval 
and  Cl  begins  to  discharge  through 
the  timing  resistors  shunting  the 
capacitor.  The  primary  relay  is  ad¬ 
justed  to  close  when  the  current 
through  the  coil  is  about  6  milliam- 
peres.  This  value  results  when  the 
control  grid  bias  is  approximately 
7  volts.  The  maximum  resistance  of 


the  RC  circuit  is  about  10  megohms 
and  the  capacitor  is  3  /if,  resulting 
in  an  RC  constant  of  30. 

The  timing  period  corresponds 
to  that  obtained  in  a  more  conven¬ 
tional  circuit  with  an  RC  constant 
of  100,  and  is  realized  because  the 
timing  cycle  is  dependent  on  the  de¬ 
cay  voltage  of  Cl.  The  time  re¬ 
quired  for  the  initial  150-volt  po¬ 
tential  of  Cl  to  decay  to  the 
required  5  volts  (grid  bias  is  the 
sum  of  the  emf  across  the  6V6 
cathode  resistor  and  potential  e 
across  C,)  is  derived  from  the  fol¬ 
lowing  equation. 

t  =  RC  In  E/e  (1) 

Where  t,  decay  time  in  seconds  to 
obtain  c ;  RC,  =  time  constant, 
megohms  x  capacitance  in  micro¬ 
farads  ;  E,  initial  charge  on  capaci¬ 
tor;  e,  final  decay  voltage  of  inter¬ 
est;  and  In,  natural  log. 


Schematic  circuit  diagram  of  the  timer.  The  period  »  controlled  by  reduction  of 
bias  on  the  tube.  Power  is  handled  by  the  second  relay  Ki 
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FOR  Telrvision  and  F-M 


Method  of  using  a  single  four-bay  Superturnstile  antenna  for  simultaneous  operation  of 
an  f-m  transmitter  and  visual  and  aural  transmitters  of  a  television  station,  with  power 
gain  of  6.4  for  f-m  and  5  for  television.  Coupling  between  transmitters  is  negligible 

Dm  I  J  WOLF  Producta  Diviaion,  RCA.  Victor  Uiviaion 

•*  "Wfcr  Radio  Corporation  of  America,  Camden,  A'eic  Jeraep 


at  ground  potential.  Currents  will 
flow  in  the  plane  surface  with  a 
magnitude  and  instantaneous  direc¬ 
tion  at  the  sides  of  the  slot  approxi¬ 
mately  as  shown  by  the  arrows. 
These  currents  will  flow  on  both 
sides  of  the  plane  surface  and  will 
radiate  equally  on  each  side.  This 
condition  will  be  unaffected  by 
openings  in  the  plane  surface  as 
long  as  these  openings  are  small 
compared  with  a  wavelength. 

Radiator  Fa«d 

The  radiators  (Fig.  2)  are 
mounted  so  that  contact  to  the  sup¬ 
porting  pole  is  made  at  places  of 
zero  potential,  hence  are  attached 
directly  without  the  necessity  of 
any  sort  of  insulator.  The  feedline 
for  a  pair  of  radiators  is  brought 
from  the  pole  onto  the  radiator 
over  one  of  the  two  connecting 
brackets.  At  the  center  of  the  radia¬ 
tor,  the  feedline  is  brought  around 


r 


FIG.  3 — Currants  crad  voltaqss  in  the 
reyion  oi  holi-ware  slot  In  large  conduct¬ 
ing  plane  simulating  Supertumstile 


the  pole,  half  way  to  the  other  radi¬ 
ator.  The  inner  conductor  connects  ' 
to  the  other  radiator  through  a 
cross-connection  strap.  Thus,  with 
the  outer  conductor  of  the  feedline 
connected  to  one  radiator,  and  the  • 
inner  conductor  to  the  other  radi¬ 
ator,  a  balanced  feed  results.  The 
only  insulation  needed  is  that  of  the 
end  seal  on  the  end  of  the  feedline. 

The  antenna  described  has  four 
identical  Superturnstile  radiator 
sections.  With  these,  the  television 
power  gain  is  approximately  5,  and 
the  f-m  power  gain  is  approximately 
6.4.'as  compared  to  that  of  a  half¬ 
wave  dipole  (without  allowance  for 
transmission  line  loss).  The  f-m 
gain  is  higher  because  the  height  in 
wavelengths  is  greater  for  fre¬ 
quency  modulation  than  it  is  at  the 
television  frequency. 

Trantmistion  Line 

The  transmission  line  between 
transmitter  room  and  antenna  con¬ 
sists  of  a  pair  of  3J-inch,  51i-ohm 
coaxial  lines  designed  with  conduc¬ 
tors  and  insulators  in  accordance 
with  RMA  recommendations.  Spe¬ 
cial  design  precautions  have  been 
taken  to  make  certain  that  the 
lengths  of  line  can  be  coupled  in  a 
satisfactory  manner,  and  to  elimi¬ 
nate  electrical  discontinuities  at 
elbows  and  connections. 

The  20-foot  lengths  of  line  are 
supplied  with  flanges  brazed  in 
place.  These  flanges  are  bolted  to¬ 
gether  to  join  sections  of  line  at 
installation,  using  0  ring  gaskets 
to  keep  the  line  pressure-tight.  Dif¬ 
ferential  expansion  between  the 
steel  tower  and  the  copper  outer 


Triplexing  unit  in  transmitter  room,  show¬ 
ing  the  half  and  quarter-ware  stub  sec¬ 
tions  oi  coaxial  line  that  are  used  to  keep 
the  signals  in  their  proper  paths 
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Triplex  Antenna 


steel  pole  form  a  radiating  system 
that  has  a  pattern  and  gain  equiva¬ 
lent  to  two  parallel  dipoles  spaced  a 
half  wavelength  apart. 

A  pair  of  Superturnstile  radia¬ 
tors  may  be  considered  as  a 
large  plane  surface  containing  a 
slot.  Figure  3  shows  a  flat  conduc¬ 
tor  of  large  area,  with  a  rectangular 
slot  approximately  a  half-wave  long. 
A  generator  G  applies  a-c  voltage 
having  an  instantaneous  polarity 
(as  shown  by  the  plus  and  minus 
signs)  to  the  two  terminals.  Set 
up  along  the  sides  of  the  slot,  a 
voltage  will  have  a  magnitude  as 
represented  by  the  distance  of  the 
dotted  lines  from  the  sides  of  the 
slot.  The  ends  of  the  slot  will  be 


tion  of  the  visual  and  aural  signals 
from  the  television  transmitter  into 
the  antenna.  The  Superturnstile  an¬ 
tenna  has  an  input  impedance  char¬ 
acteristic  which  is  sufficiently  broad 
for  the  f-m  transmitter  to  be  readily 
coupled  in  through  a  triplexing  ar¬ 
rangement. 

Saperhirastil*  Radiator  Theory 

The  turnstile  tsrpe  of  antenna 
consists  of  crossed  pairs  of  radia¬ 
tors,  each  being  approximately  a 
half-wave  in  length.  The  pairs  are 
mounted  at  90  degrees  as  in  Fig. 
1  and  fed  in  quadrature  with  cur¬ 
rents  that  are  equal  in  magnitude 
but  90  degrees  apart  in  phase. 

The  field  in  any  direction  from 
either  of  the  radiators  is  approxi¬ 
mately  proportional  to  sin  A,  where 
A  is  the  angle  from  the  radiator. 
Thus,  the  maximum  radiation  from 
radiator  E-W  is  transmitted  in  the 
north  and  south  directions  (where 
sin  A  is  unity),  while  no  field  is 
transmitted  from  radiator  N-S. 
Similarly,  maximum  radiation  from 
radiator  N-S  is  transmitted  in  the 
east  and  west  directions,  while  none 
is  transmitted  east  or  west  from 
radiator  E-W. 

In  the  northeast  direction,  the 
transmitted  field  is  the  resultant  of 
radiation  from  both  sets  of  radia¬ 
tors.  Here  sin  A  is  0.707  for  each ; 

The  television  and  f-m  trans-  these  are  added  in  90  degrees  quad- 
mitters  of  the  National  Broad-  rature  since  the  currents  are  in 
casting  Company  radio  stations  quadrature,  so  the  resultant  is 
WNBW  and  WRC-FM  at  Washing-  unity.  For  30  degrees  and  60  de¬ 
ton  operate  simultaneously  into  the  grees  the  values  added  in  quadra- 
same  Superturnstile  antenna  sys-  ture  are  0.5  and  0.866,  again  giving 
tern.  This  results  in  a  considerable  unity.  Similarly,  for  other  angles 
saving  in  the  size  of  the  antenna  and  other  quadrants  the  radiated 
and  in  the  cost  of  the  supporting  field  is  also  close  to  unity, 
tower.  The  full  power  gain  of  the  ■  j,  x  ^  x  x. 

antenna  is  realized  for  each  service, 

hence  no  increase  in  transmitter  The  basic  Superturnstile  radiator 
power  is  required  for  this  kind  of  consists  of  an  open  framework  of 
antenna  operation.  steel  rods  and  tubes,  with  dimen- 

The  quadrature  feed  to  the  Super-  sions  as  shown  in  Fig.  2.  Two  of 
turnstile  antenna  makes  possible  these  radiators  mounted  at  right 
the  simultaneous  or  diplex  opera-  angles  on  a  tubular  supporting 
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Superturastile  antenna  using  four  radiator 
sections,  arranged  lor  triplexing  to  serre 
simultaneously  an  f-m  transmitter  and  both 
Tisual  and  aural  transmitters  of  a  tele- 
Tision  staUon 


FIG.  1 — Horizontal  plane  through  radiators 
coimected  in  turnstile  arrangement 
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FIG.  2 — One  pair  of  Supertumstile  radia¬ 
tors  mounted  on  steel  pole.  Other  pair 
is  at  right  angles  to  these,  using  some 
pole  brackets 
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are  separated  by  a  greater  percent¬ 
age  than  are  television  visual  and 
aural  frequencies,  frequency-selec¬ 
tive  circuits  are  used  in  the  tri¬ 
plexer. 

Figure  5  illustrates  the  funda¬ 
mental  triplexing  circuits  used.  The 
television  transmitter  TV  feeds  the 
antenna  load  directly  as  in  Fig.  5A, 
with  two  half-wave  circuits  H,  con¬ 
nected  to  the  main  line  through 
two  quarter-wave  circuits  q  which 
are  separated  a  quarter-wave  apart 
along  the  main  line.  Each  branch 
(consisting  of  an  H  and  a  q  in 
series)  is  three-quarter-wave  long, 
hence  presents  a  high  impedance 
to  the  main  line.  The  characteris¬ 
tic  impedance  of  these  branch  line 
elements  is  chosen  so  that  this  high 
impedance  is  presented  to  the  main 
line  over  a  band  which  is  at  least 
six  megacycles  wide. 

The  circuits  associated  with  the 
f-m  transmitter  are  added  as  in 
Fig.  5B.  Circuits  H  are  extended 
by  stub  sections  h.  The  lower  h 
stub  is  adjusted  so  that  the  combi- 


FIG.  5 — Fundamental  circuit  of  triplexer 
(A)  showing  use  of  two  irequency-selectire 
timed  elements,  and  method  of  adding 
stub  elements  (B)  for  coupling  on  f>m 
transmitter.  Circuit  lines  represent  inner 
conductors  of  coaxial  lines,  and  ground 
symbol  indicates  shorting  plug  in  line 

nation  of  reactances  presents  a  low 
impedance,  or  short-circuit  at  ter¬ 
minal  S  at  the  frequency  of  trans¬ 
mitter  F-M.  The  upper  h  stub  is 
adjusted  so  that  the  input  imped¬ 
ance,  looking  to  the  antenna  from 
F-M,  is  also  matched  at  the  f-m  fre¬ 
quency.  The  voltage  magnitudes  un¬ 
der  this  condition  are  represented 
by  the  dotted  lines. 

Combined  Diplex  and  Triplex  System 

In  the  complete  system  as  used  at 
stations  WNBW  and  WRC-FM,  a 
four-section  Superturnstile  antenna 
is  used  as  shown  diagrammatically 


in  Fig.  6.  The  E-W  and  N-S  radia¬ 
tors  are  fed  from  junction  boxes 
JB.  The  feedlines  from  the  junc¬ 
tion  boxes  are  all  the  same  length, 
so  the  radiators  will  all  be  fed  in 
phase.  Each  junction  bbx  assem¬ 
bly  contains  a  series  line  trans¬ 
former,  to  match  the  51i-ohm  trans-. 
mission  line  to  the  impedance  of  the 
four  feedlines  in  parallel. 

The  twin  transmission  lines  go¬ 
ing  down  the  tower  are  equal  in 
length  between  the  junction  boxes 
and  the  triplexer  so  the  phase  rela¬ 
tionship  between  lines,  as  estab¬ 
lished  at  the  transmitter,  will  be 
maintained  at  the  antenna.  The 
lines  are  carefully  installed  so  that 
the  elbows  in  the  two  lines  are 
equally  spaced  from  the  triplexer. 

The  triplexer  is  located  in  the 
transmitter  room,  with  the  two 
transmission  lines  passing  through 
it  to  the  diplexer.  The  internal  cir¬ 
cuit  of  the  triplexer  consists  of 


FIG.  6 — Complete  triplexing  lystem,  with 
N-S  and  E-W  radiators  shown  separately 
to  clarify  connections.  Circidt  lines  are 
inner  conductors  of  coaxial  lines 


qiatched  pairs  of  transmission  line 
elements. 

The  f-m  feed  into  the  triplexer 
divides  as  shown,  with  one  side  go¬ 
ing  through  a  phasing  loop.  This 
loop  is  a  quarter-wavelength  at 
the  f-m  frequency  and  provides  the 
correct  quadrature  phase  required 
to  give  a  circular  pattern  from  the 
turnstile  antenna.  Only  the  f-m 
feed  is  through  this  loop ;  the  quad¬ 
rature  loop  for  television  is  sepa¬ 
rate.  This  arrangement  provides 
a  convenient  method  of  maintaining 
the  correct  quadrature  feeds  for  the 
two  systems,  even  though  the  fre¬ 
quencies  are  different. 

The  diplexer  terminates  the  two 
separate  antenna  transmission 
lines.  One  line  between  triplexer 
and  diplexer  is  made  a  quarter- 
wave  longer  than  the  other  at  the 
television  frequency.  This  quadra¬ 
ture  length  is  separate  from  the  f-m 
loop,  hence  sets  the  correct  phase 
relationship  for  television  independ¬ 
ently  of  the  f-m  requirement. 

The  diplexer  contains  the  visual 
input  circuit,  consisting  of  a  single- 
ended  circuit  with  a  balun  to  con¬ 
vert  to  double-ended  feed.  The 
balun  is  suitably  compensated  to  be 
broad-band  so  that  it  does  not  in¬ 
troduce  any  appreciable  discontinu¬ 
ity  over  the  television  channel.  The 
aural  input  circuit  is  single-ended 
and  connects  to  a  point  where  no 
visual  voltage  exists,  so  there  i.s 
negligible  coupling  between  visual 
and  aural  power  amplifiers. 

Acknowledgement  is  made  to  the 
members  of  the  Television  Broad¬ 
cast  Antenna  Group  of  RCA  Victor 
Division,  who  not  only  designed 
this  equipment  but  also  made  it 
work,  and  to  the  engineers  of  the 
Radio  Facilities' Group  of  the  Na¬ 
tional  Broadcasting  Company,  who 
bore  the  brunt  of  getting  the  first 
equipment  installed. 
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conductor  of  the  transmission  line 
is  provided  for  by  means  of  spring- 
hung  tower  brackets,  which  permit 
the  line  to  expand  and  contract  ver¬ 
tically.  The  line  is  secured  at  the 
top  of  the  tower  so  that  the  expan¬ 
sion  occurs  entirely  at  the  bottom 
of  the  tower.  Differential  expansion 
of  the  inner  conductor  with  respect 
to  the  outer  conductor  is  allowed 
for  at  each  flanged  connection;  the 
inner  conductor  connector  is  of  the 
push-type  which  allows  the  inner 
conductors  to  slide  a  slight  amount 
as  required. 

Electrical  discontinuities  are 
minimized  as  far  as  possible  at 
bends  by  providing  elbows  with  a 
radius  which  is  large  compared  to 
the  line  diameter. 

Inasmuch  a§  the  E-W  and  N-S 
radiators  of  the  antenna  are  fed 
in  quadrature,  the  two  transmission 
lines  must  be  kept  alike,  so  that  the 
two  lines  will  maintain  at  the  an¬ 
tenna  the  correct  phase  relationship 
set  up  at  the  transmitter.  This  is 
accomplished  by  making  the  two 
lines  identical  as  regards  lengths  of 
line  sections  and  placement  of  el¬ 
bows.  The  quadrature  phase  rela¬ 
tionship  is  introduced  at  the  di- 
plexer  by  making  one  line  90  de¬ 
grees  longer  than  the  other. 

Pressurization  of  the  transmis¬ 
sion  lines  is  maintained  by  an  auto¬ 
matic  dehydrator  which  keeps  a 
small  positive  pressure  of  dry  air 
on  the  line  at  all  times. 

The  diplexing  unit  consists  of  a 
Wheatstone  bridge  type  of  network 
which  provides  a  means  of  feeding 
the  visual  and  aural  energy  of  the 


television  transmitter  into  the  an¬ 
tenna  without  detrimental  cross¬ 
coupling  effects. 

Dfplaxmr 

In  the  fundamental  diplexing  cir¬ 
cuit  of  Fig.  4A,  the  resistors  rep¬ 
resent  the  loads  due  to  the  radia¬ 
tors  N-S  and  E-W  respectively.  The 
visual  power  amplifier  feeds  push- 
pull  to  terminals  T.  The  aural 
power  amplifiers  feeds  via  a  sin¬ 
gle-ended  line  through  reactances 
X  to  terminals  T.  The  two  transmit¬ 
ter  sources  are  uncoupled  from  each 
other  as  long  as  the  two  loads  and 
the  two  reactances  are  equal  re¬ 
spectively.  Thus,  no  cross-feed  be¬ 
tween  transmitter  sources  will 
exist,  even  for  modulation  sideband 
components  which  are  nearly  iden¬ 
tical  in  frequency.  • 

The  physical  realization  of  the 
bridge  circuit  is  indicated  in  Fig. 
4B.  Each  connection  line  repre¬ 
sents  the  inner  conductor  of  a  co¬ 
axial  -transmission  line.  The  outer 
conductors  are  not  shown  except 
for  the  cylindrical  balun  sleeve  on 
the  connection  to  the  visual  trans¬ 
mitter.  The  visual  transmitter  feed 
is  single-ended,  hence  is  changed  to 
a  double-ended  feed  by  means  of 
this  balun.  The  visual  feed  is  push- 
pull  at  terminals  T,  whereas  the 
aural  feed  is  push-push  at  these 
same  terminals.  Loop  L  represents 
the  extra  quarter-wavelength  of 
line  that  provides  the  quadrature 
feed  of  the  E-W  radiators  with  re¬ 
spect  to  the  N-S  radiators. 

Elements  .Y  are  transmission 
lines  which  are  each  a  quarter-wave 


FIG.  4 — Fundamental  bridge-type  diplex¬ 
ing  circuit,  (A)  and  practical  application 
(B)  to  Tiaual-aural  diplexing  eyetem  oi 
teleTision  transmitter.  Circuit  lines  repre¬ 
sent  inner  conductors  of  coaxial  lines 

long  at  the  midvisual  frequency, 
which  totals  a  half-wave  in  length. 
This  length  of  a  half-wave  on  ter¬ 
minals  T  shunts  a  high  impedance 
across  the  visual  input  circuit.  Con¬ 
versely,  terminals  T  are  at  the  same 
potential  with  reference  to  each 
other  at  the  aural  frequency,  hence 
no  aural  power  can  couple  into  the 
visual  transmitter  input. 

This  bridge-type  circuit  is  partic¬ 
ularly  useful  for  coupling  the  visual 
and  aural  power  amplifiers  since 
the  transmitter  frequencies  are 
quite  close  together.  The  reactance 
of  the  circuit  elements  changes  very 
little  from  one  frequency  to  the 
other,  hence  has  no  serious  detun¬ 
ing  effect  on  either  power  amplifier. 

Triplexing  System 

The  triplexing  unit  allows  the 
power  from  the  f-m  transmitter  to 
be  coupled  onto  the  line  to  the  an¬ 
tenna,  with  the  correct  phase  re¬ 
lationships,  without  cross-coupling 
to  the  television  transmitter.  Since 
the  television  and  f-m  frequencies 
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Four  single-cycle  multivibrators  controlled  by  a  free- 
running  multivibrator  serve  as  an  adjustable  electronic 
switch  for  cathode-ray  oscilloscopes,  generation  of  square 
waves,  investigation  of  code  intelligibility  in  communica¬ 
tions  systems,  and  general  audio  research 
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two  sine-wave  input  signals.  •  The 
tone  burst  obtained  from  the  chan¬ 
nel  whose  input  signal  supplies 
synchronization  will  therefore  be 
turned  on  and  off  at  the  same  points 
in  the  cycle  during  each  period  of 
the  repetition  rate.  By  means  of  the 
delay  and  tone  duration  controls, 
these  points  may  be  selected  at  will, 
thus  causing  the  gated  tone  to  con¬ 
sist  of  any  portion  of  a  cycle  or  of 
any  number  of  cycles  as  desired. 

Trigger  Geeerator  Circuit 

The  multivibrator  in  the  trigger 
generator  circuit  of  Fig.  3  provides 
a  reference  timing  voltage  which 
can  be  varied  in  repetition  rate 
from  120  cycles  per  second  to  1 
cycle  in  20  seconds.  It  is  a  conven¬ 
tional  free-running  balanced  multi¬ 
vibrator  in  which  variable  repeti¬ 
tion  rates  are  produced  by  varying 


the  relaxation  time  constants  uni-* 
formly  in  both  grid  circuits.  The 
coarse  adjustment  permits  the  se¬ 
lection  of  four  ranges  of  repetition 
rate  by  selecting  four  different  val¬ 
ues  of  capacitance  in  each  grid  cir¬ 
cuit.  Fine  adjustments  are  made  by 
equal  variations  in  grid  leak  resis¬ 
tors  Rt  and  R^,  whose  shafts  are 
mechanically  coupled. 

The  timing  voltage  is  obtained 
from  the  plate  of  Vn  and  is  essen¬ 
tially  of  rectangular  waveform.  The 
negative  drop  in  this  waveform  was 
chosen  as  the  timing  reference  be¬ 
cause  a  steep  wave  front  is  obtain¬ 
able  and,  by  use  of  Ri  and  R,  and 
proper  circuit  adjustment,  the  am¬ 
plitude  of  this  reference  voltage  can 
be  made  constant  over  the  entire 
frequency  range  of  the  multivibra¬ 
tor.  These  resistors  limit  the  mini¬ 
mum  period  of  the  multivibrator 


waveform  on  any  one  range  setting 
to  a  value  which  is  twice  as  great 
as  the  exponential  rise  time  of  the 
positive  portion  of  the  multivibrator 
output;  in  other  words,  the  mini¬ 
mum  value  of  t/2  in  Fig.  2  is  U, 
where  U  is  the  exponential  rise  time 
and  t  is  the  period  of  the  multi¬ 
vibrator.  The  plate  voltage  of  V^m 
therefore  has  sufficient  time  to 
reach  its  maximum  value  before 
conduction  again  occurs. 

In  order  that  the  negative  change 
be  isolated  from  the  remaihing  por¬ 
tion  of  waveform  1  in  Fig.  2  to  pro¬ 
duce  the  timing  reference,  the  mul¬ 
tivibrator  output  is  applied  to  an 
R-C  differentiating  circuit,  a  posi¬ 
tive  clipper,  and  a  phase  inverter. 

When  the  input  voltage  to  the 
differentiating  circuit  rises  to  the 
218-volt  condition,  the  cathode  of 
VtA  is  positively  biased  and  prevents 
conduction.  Capacitor  C,  therefore 
charges  through  Ru  When  the  nega¬ 
tive  drop  occurs,  the  cathode  of  Vt, 
is  lowered  below  ground  potential 
by  the  amount  of  the  drop,  thus  per¬ 
mitting  C,  to  discharge  through  the 
additional  path  offered  by  the  d-c 
resistance  of  Rh,  and  R,.  The 
resulting  waveform  across  R,  is  a 
negative  trigger  of  approximately 
11  volts  amplitude,  having  a  dura¬ 
tion  of  15  microseconds  at  the  4- 
volt  level.  This  trigger  is  inverted 
and  amplified  by  The  output  of 
the  trigger  generator  is  therefore 
a  positive  trigger  w’hich  may  be 


FIG.  1 — Block  diagram  of  complete  electronic  keying  system  for  producing  controllable 
short  bursts  of  two  different  audio  tones  . 


ELECTRONICS  — Ju/y,  1947 


93 


Front  ponol  oi  audio  bunt  gonorator.  Dials  and  switchos  serrs  os  line  and 
coorso  controls  lor  ropotition  roto.  channol  1  delay,  channel  2  delay,  channel  1 
tone  duration,  and  channel  2  duration.  Jacks  at  top  are  lor  input  and  output 
of  the  two  channels  and  for  mixer  output,  to  extend  lue  of  instrument 


Rear  riew  of  generotor.  The  required  regulated 
power  supply  is  on  a  separate  chassis.  Test  point 
lacks  at  bottom  of  front  panel  permit  extraction  oi 
the  multiTibrator  Yoltages  for  other  uses 


TONE  BURST 


IN  a  long-range  investigation  of 
pei^ception  or  understandability 
of  code  messages  transmitted  over 
communications  systems,  a  signal 
generator  was  needed  that  would 
produce  short  bursts  of  two  differ¬ 
ent  tones,  with  the  tone  bursts  in¬ 
dependently  controllable  as  to  du¬ 
ration  and  spacing  and  with  the 
repetition  rates  of  the  two  tones 
synchronously  related.  With  such  a 
universal  two-tone  automatic  elec¬ 
tronic  generator  of  code  signals, 
complete  control  over  all  param¬ 
eters  that  might  affect  intelligibility 
would  be  achieved. 

To  provide  a  source  of  these  tone 
bursts,  an  electronic  keying  circuit 
was  designed  which  would  permit 
two  tones  to  be  independently 
turned  on  for  variable  time  dura¬ 
tions  and  at  variable  repetition 
rates.  The  four  basic  units  in  this 
audio  timer  are  a  trigger  generator, 
two  tone  channels,  and  a  channel 
mixer,  arranged  according  to  the 
block  diagram  in  Fig.  1. 

The  trigger  generator  provides  a 
synchronizing  trigger  voltage,  vari¬ 
able  in  repetition  rate  from  120 
per  second  to  one  in  20  seconds, 
which  is  used  to  start  each  of  the 
tone  channels  on  their  individual 
operating  cycles.  The  trigger  volt¬ 
age  is  derived  from  the  output 
waveform  of  a  balanced  free-run¬ 
ning  multivibrator  by  means  of  a 
differentiating  circuit,  a  positive 
clipper,  and  a  phase  inverter.  The 
output  is  a  positive  trigger,  which 
may  be  varied  in  repetition  rate  by 
adjustment  of  the  multivibrator 
frequency.  Waveforms  at  the  vari¬ 
ous  numbered  points  in  Fig.  1  are 
shown  in  Fig.  2. 


The  output  of  the  trigger  gener¬ 
ator  is  applied  to  tone  channels  I 
and  II,  which  are  identical.  Each 
channel  contains  two  single-cycle 
multivibrators,  designated  as  the 
delay  multivibrator  and  the  tone 
duration  multivibrator. 

The  trigger  from  the  trigger  gen¬ 
erator  serves  to  start  the  delay  mul¬ 
tivibrator  on  its  operating  cycle. 
The  duration  of  the  cycle  is  vari¬ 
able  by  means  of  fine  and  coarse  de¬ 
lay  adjustments.  The  output  volt¬ 
age  of  this  circuit  is  a  negative 
rectangular  wave,  the  leading  edge 
being  coincident  with  that  of  the 
trigger  generator  output  and  the 
trailing  edge  possessing  the  de¬ 
sired  amount  of  delay. 

The  negative  output  waveform  of 
the  delay  multivibrator  is  differen¬ 
tiated  and  negatively  clipped  to 
give  at  point  6  a  positive  trigger 
voltage  that  coincides  in  time  with 
the  trailing  edge  of  the  delay  multi¬ 
vibrator  output  and  will  therefore 
be  variable  in  delay  with  respect  to 
the  trigger  generator  Output.  This 
delay  is  adjustable  from  0  to  2,000 
milliseconds. 

The  delayed  trigger  is  applied  to 
the  tone  duration  multivibrator  and 
is  used  to  initiate  the  operating 
cycle  of  this  circuit.  The  output 
waveform  of  this  multivibrator  is 
a  negative  gate  whose  leading  edge 
is  coincident  with  that  of  the  de¬ 
layed  trigger.  The  width  of  this 
gate  is  variable  from  0  to  3,000  mil¬ 


liseconds  by  means  of  fine  and 
coarse  tone  duration  controls. 

The  output  of  the  tone  duration 
multivibrator  is  applied  to  a  mixing 
circuit  which  has  an  additional  in¬ 
put  consisting  of  a  continuous  audio 
sine  wave.  The  circuit  is  adjusted 
so  that  the  sine  wave  can  only  ap¬ 
pear  in  the  output  when  the  gate 
is  present.  By  means  of  a  d-c  bal¬ 
ance  control  all  d-c  components  may 
be  removed  from  this  output  so  that 
it  consists  only  of  a  burst  of  tone  at 
point  8  appearing  above  and  below  a 
zero  reference  level.  The  start  of 
this  tone  may  be  delayed  from  the 
reference  trigger,  and  the  tone  it¬ 
self  may  be  varied  in  duration. 

The  output  of  the  mixing  circuit 
in  each  channel  is  applied  to  a 
cathode  follower  in  order  that  a 
low  output  impedance  may  be  real¬ 
ized.  The  output  of  each  cathode 
follower  is  applied  to  the  channel 
mixer  (a  parallel  T-pad  network) 
which  mixes  the  outputs  of  the  two 
channels  and  provides  approxi¬ 
mately  10-db  attenuation  in  each 
channel.  The  output  of  this  circuit 
therefore  consists  of  the  tone  bursts 
of  each  channel,  each  of  which  may 
be  independently  varied  in  duration 
or  delayed  with  respect  to  the  other. 
The  individual  channel  outputs  may 
be  obtained  without  mixing. 

To  obtain  synchronous  operation 
of  the  timer,  provision  has  been 
made  for  synchronization  of  the 
repetition  rate  with  either  of  the 
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FIG.  3 — Trigger  generator  circuit 


FIG.  4 — Qrcuit  ol  lint  sections  of  a  tone  channel 


continuously  varied  in  period  from 
8  milliseconds  to  20  seconds. 

Tom  ChoM*!  Circsits 

The  delay  multivibrator  in  the 
tone  channel  circuit  in  Fig.  4,  used 
to  produce  a  variable  delay  period 
between  the  trigger  generator  out¬ 
put  and  the  start  of  an  audio  tone 
introducd  at  a  later  point  in  the 
circuit,  is  a  conventional  single¬ 
cycle  multivibrator  in  which  feed¬ 
back  is  obtained  through  common 
cathode  resistor  R^.  With  the  selec¬ 
tor  switch  in  position  1,  there  is 
no  coupling  between  the  plate  of 
Vu  and  the  grid  of  y«.  The  latter 
triode  has  its  control  grid  returned 
to  —210  volts  through  and  is 
therefore  in  a  nonconducting  state. 

In  its  quiescent  condition,  is 
operating  as  a  class  A  amplifier 
with  self  bias.  When  the  trigger 
generator  output  arrives,  V^a  is  in¬ 
stantly  driven  to  saturation  and 
returned  to  the  original  condition, 
thus  producing  a  trigger  of  the 
same  polarity  but  of  smaller  ampli¬ 
tude  across  Ra.  The  output  of  the 
delay  multivibrator  is  taken  from 
the  cornmon  cathode  connection  and 
is  therefore  a  positive  trigger  which 
is  coincident  in  time  with  the  trig¬ 
ger  generator  output. 

For  coarse  delay  switch  •  set¬ 
tings  2  and  3,  the  high  negative  bias 
is  removed  from  V,,  and  the  con¬ 
trol  grid  is  returned  through  R^^ 
(fine  delay)  and  iJ,«  to  a  high  posi¬ 
tive  bias.  Since  the  grid-cathode 
resistance  under  this  condition  is 
exceedingly  small,  the  grid  bias  on 
y,,  is  essentially  zero.  The  control 
grid  of  y^  is  returned  to  ground 
through  the  trigger  generator  out¬ 
put  impedance;  the  bias  on  this 
tube  is  therefore  determined  by 
the  drop  across  R^.  Resistors  Rn 
and  Ru  were  so  selected  that  under 
quiescent  conditions  the  plate  cur¬ 
rent  of  y,*  produces  sufficient  drop 
•  across  R„  to  bias  y,^  well  beyond 
cutoff. 

When  the  output  of  the  trigger 
generator  arrives,  the  control  grid 
of  y^  is  brought  above  cutoff,  caus¬ 
ing  V»A  to  conduct.  The  drop  in 
plate  voltage  of  y^  is  coupled  to  the 
grid  of  Via  through  Cu  or  Cu  de¬ 
pending  upon  the  selector  switch 
setting,  thus  driving  V,b  consider¬ 
ably  beyond  cutoff. 

Since  the  grid  of  y,*  is  returned 


to  B  plus  through  grid-leak  resis¬ 
tors  Ra  and  Ru,  the  grid  potential 
immediately  begins  to  relax  expo¬ 
nentially  toward  this  value  at  a 
rate  determined  approximately  by 
the  time  constant  (Cu  or  Cu) 
{Ru  +  Ru).  The  grid  is  permitted 
to  relax  toward  the  B  plus  potential 
on  these  two  range  settings  in  order 
that  the  cutoff  potential  curve  will 
be  intersected  at  a  very  steep  angle 
by  the  grid  relaxation  curve,  thus 
providing  more  stable  operation  on 
the  short  delay  periods  encountered 
on  these  ranges. 

Coarse  delay  setting  4  provides 
essentially  the  same  operation  as 
settings  2  and  3  except  that  the 
control  is  allowed  to  relax  toward 
the  cathode  potential  ipstead  of  B 
plus. 

When  the  control  grid  of  y„  has 
relaxed  to  its  cutoff  potential,  the 
tube  is  immediately  turned  on  and 
y^  is  turned  off  by  virtue  of  the 
positive  feedback  obtained  through 
Ru.  The  circuit  has  at  this  point 
been  returned  to  its  original  quies¬ 
cent  condition  and  remains  un¬ 
changed  until  the  next  trigger  pulse 
arrives. 

The  plate  current  flowing 


through  Ru  in  the  quiescent  condi¬ 
tion  is  of  much  greater  magnitude 
than  the  current  during  the  oper¬ 
ating  period.  The  drop  across  Ru 
or  the  delay  multivibrator  output 
(point  4  in  Fig.  1  and  2)  is  there¬ 
fore  a  negative  rectangular  wave. 
The  leading  edge  coincides  with  the 
trigger  generator  output  and  the 
trailing  edge  with  the  desired 
amount  of  delay,  which  may  be 
varied  from  0  to  2,000  milliseconds 
by  the  delay  adjustments. 

The  output  of  the  delay  multi¬ 
vibrator  is  applied  to  a  differen¬ 
tiating  circuit  and  a  negative  series 
clipper.  When  the  zero  delay  posi¬ 
tion  is  selected  in  the  delay  multi¬ 
vibrator  circuits,  the  input  .to  the 
differentiating  circuit  is  a  positive 
trigger  which  charges  Cu  through 
the  parallel  path  offered  by  R„  and 
the  d-c  plate  resistance  of  in 
series  with  Ru.  The  time  constant 
of  this  charge  path  is  7.5  micro¬ 
seconds.  Since  the  input  trigger 
is  approximately  15  microseconds 
in  duration,  some  differentiation 
occurs,  resulting  in  an  output  trig¬ 
ger  across  Ru  which  is  somewhat 
sharper  than  the  input  and  is 
slightly  reduced  in  amplitude. 
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FIG.  5 — Tone  duration  multiTibrator  circuit  ior  one  tone  channel 


FIG.  6 — Mixer  ompliiier  and  cathode  follower  circuits  for  one  tone  channel 


On  the  remaining  delay  settings 
(2,  3,  and  4)  the  input  to  the  above 
circuit  is  a  negative  rectangular 
wave.  When  the  leading  edge  of 
the  wave  occurs,  the  negative  drop 
is  coupled  through  Cu  to  the  plate 
of  Vm,  thus  preventing  conduction. 
When  the  trailing  edge  occurs,  the 
plate  of  VtA  is  driven  positively  so 
that  Cu  charges  through  the 
parallel  path  of  R„  and  the  R,  of 
ViA  and  Ri,  in  series.  The  output 
of  this  circuit  is  therefore  a  posi¬ 
tive  trigger  which  may  be  delayed 
from  0  to  2,000  milliseconds  de¬ 
pending  upon  the  delay  adjustments 
desired. 

The  delayed  trigger  voltage  is 
fed  into  the  single-cycle  tone  dura¬ 
tion  multivibrator  circuit  of  Fig.  5. 
The  screen  grid,  control  grid,  and 
cathode  of  V,  in  conjunction  with 
Vt  are  used  to  form  a  conventional 
triode  single-cycle  multivibrator. 
In  the  quiescent  condition,  the  plate 
current  of  Vi  flowing  through  com¬ 
mon  cathode  resistor  Rn  is  sufficient 
to  hold  V,  well  past  cutoff.  When 
the  delayed  trigger  arrives,  V,  is 
turned  on  and  Vi  turned  off  by  vir¬ 
tue  of  the  feedback  obtained 
through  Ri,.  Wlien  the  grid  poten¬ 


tial  of  Vi  has  relaxed  to  cutoff,  Vi 
is  turned  on  and  V,  off  so  that  the 
original  quiescent  condition  is  ob¬ 
tained. 

The  output  of  the  multivibrator 
is  taken  from  the  plate  of  V»,  which 
is  returned  to  B  plus  through  R,^. 
The  tube  in  the  quiescent  condition 
is  completely  cut  off.  Since  it  is 
turned  on  when  the  trigger  arrives 
from  the  delaying  circuits,  the  plate 
voltage  waveform  is  that  of  a  nega¬ 
tive  gate  with  good  leading  and 
trailing  edges,  a  condition  neces¬ 
sary  to  provide  satisfactory  oper¬ 
ation  of  the  mixer  amplifier. 

The  duration  of  the  above  wave¬ 
form  is  determined  by  the  off  period 
of  Vi.  This  period  is  controllable 
from  1  to  3,000  milliseconds  by 
means  of  the  fine  and  coarse  dura¬ 
tion  adjustments  Ra  and  S,  respec¬ 
tively.  When  S^  is  in  position  4, 
the  grid  of  Vi  is  returned  to  a 
large  negative  bias,  resulting  in 
continuous  conduction  of  On 
position  3,  the  gate  width  may  be 
varied  continuously  by  R^  over  the 
complete  range  (0  to  3,000  millisec¬ 
onds)  .  The  grid  of  Vi  is  permitted 
to  relax  toward  its  cathode  poten¬ 
tial  to  provide  these  long  periods. 


Switch  positions  1  and  2  provide 
gate  widths  of  from  1  to  75  milli¬ 
seconds  and  3  to  300  milliseconds 
respectively.  On  these  positions  a 
positive  grid  bias  of  36  volts  is 
provided  by  voltage  divider  Rn-R* 
so  that  more  stable  operation  will 
be  obtained.  Voltage  divider 
Rm-R^,  in  conjunction  with  the 
—210-volt  supply  reduces  the  output 
potential  of  the  multivibrator  dur¬ 
ing  the  quiescent  condition  to  +25 
volts.  When  the  negative  gate  is 
present,  the  output  potential  is  ap¬ 
proximately  —135  volts. 

The  output  of  the  tone  duration 
multivibrator  is  applied  to  the 
mixer  amplifier  circuit  in  Fig.  6, 
consisting  of  a  6SN7  twin  triode 
which  is  used  as  a  combination 
phase-inverter  and  mixer. 

In  addition  to  the  output  of  the 
tone  duration  multivibrator  which 
is  applied  to  the  grid  of  Vu,  a  con¬ 
tinuous  audio  sine  wave  is  applied 
to  the  control  grid  of  V**.  During 
the  quiescent  period  of  the  tone 
duration  multivibrator,  the  control 
of  Vai  is  held  at  +25  volts.  Under 
this  condition,  the  plate  current  of 
Vm  flowing  through  common  cath¬ 
ode  resistor  R^  develops  sufficient 
voltage  drop  across  this  resistor  to 
hold  V,B  at  cutoff.  When  the  input 
of  Vm  falls  to  the  lower  level  (—135 
volts),  Vu  is  cut  off,  thus  permit¬ 
ting  Vg*  to  function  as  a  class  A 
amplifier. 

The  plate  waveform  of  Vg^  is 
therefore  a  positive  rectangular 
wave  coincident  with  the  input  gate, 
and  that  of  Vg,  is  an  inverted  (neg¬ 
ative)  rectangular  wave  with  the 
amplified  sine  wave  superimposed. 
These  two  voltages  are  applied 
across  potentiometer  Rs.  By  select¬ 
ing  the  output  from  a  tap  on  Rxt,  a 
point  may  be  obtained  at  which  the 
two  rectangular  waveforms  exactly 
cancel,  resulting  in  a  gated  sine- 
wave  output  which  is  free  from 
any  variation  in  d-c  level. 

The  output  of  the  mixer  amplifier 
is  applied  to  the  control  grid  of  a 
cathode  follower  through  potenti¬ 
ometer  R„.  The  cathode  follower 
is  employed  to  provide  low-imped¬ 
ance  output. 

The  output  of  the  cathode  fol¬ 
lower  may  be  obtained  directly  at 
the  channel  I  output  jack  or  at  the 
mixed  output  jack  after  being 
mixed  in  the  channel  mixer  unit 
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Typical  •zomplvs  of  motal-coromic  motoUizing.  ioining.  and  sealing  as  produce<|  by  new  titanium  hydride  technique 


Metal-Ceramic  Brazed  Seals 


New  method  involves  applying  titanium  hydride  to  ceramic,  then  brazing  to  metals  or 
similarly  prepared  ceramics  with  silver  or  any  other  metal  that  melts  at  1,000  C.  Re¬ 
sulting  seal,  gastight  and  stronger  than  ceramic  itself,  is  ideal  for  microwave  tubes 


Retearch  Laboratory,  General  Electric  Co. 
Schenectady,  New  York 


ws  the  radio-frequency  spectrum 
X* expanded  into  the  higher-fre¬ 
quency  regions,  conventional  tubes 
no  longer  proved  satisfactory.  Their 
failure  was  due  largely  to  the 
length  and  impedance  of  the  wires 
leading  through  the  stem  to  the 
tube  elements. 

One  of  the  qualifications  for  the 
successful  operation  of  a  high-fre¬ 
quency  circuit  is  that  the  portion  of 
the  circuit  represented  by  the  tube 
must  be  small  in  comparison  with 
a  wavelength.  Disk  seal  or  light¬ 
house  tubes*  effectively  eliminated 
the  lead  difficulties  and  greatly  ex¬ 
tended  the  useful  frequency  range 
of  space-charge-control  tubes. 

This  extension  of  the  operating 
range  into  the  microwave  region 
imposed  new  problems  in  construc¬ 


decreases  and  its  loss  increases.  If 
the  glass  does  not  actually  fail  by 
melting,  the  loading  of  the  circuit 
caused  by  the  glass  loss  may  limit 
the  performance  of  the  device. 

In  the  case  of  oscillators,  as  the 
glass  heats,  the  oscillations  dimin¬ 
ish  in  intensity  until  an  equilibrium 
is  reached.  In  amplifiers,  the  high 
loading  caused  by  a  poor  dielectric 
results  in  low  gain. 

The  sealing  of  glass  to  metal  re¬ 
quires  that  the  glass  be  melted  to 
effect  wetting.  The  melting  is  al¬ 
ways  accompanied  by  dimensional 
changes  in  the  glass.  During  subse¬ 
quent  annealing  and  exhaust  treat¬ 
ment,  the  glass  may  sag  and  still 
further  alter  the  geometric  accu¬ 
racy  of  the  tube.  This  means  that 
glass  is  not  well  adapted  to  the  pre- 


tion.  For  efficient  operation,  the 
tube  must  be  a  small  part  of  a 
wavelength,  and  preferably  a  small 
part  of  a  quarter  wavelength.  This 
means  that  as  frequency  is  in¬ 
creased,  the  physical  size  of  the 
tube  must  be  decreased.  For  a  given 
power  rating,  a  reduction  in  size 
can  only  be  accomplished  by  an  in¬ 
crease  in  the  stresses  on  the  com¬ 
ponent  parts  and  a  resultant  in¬ 
crease  in  operating  temperature. 

At  elevated  temperatures,  the 
glass  portion  of  the  vacuum  enclos¬ 
ure  is  the  first  to  fail.  This  failure 
is  due  to  the  high  dielectric  losses 
in  glass  at  high  frequency  and  to 
the  logarithmic  nature  of  the  tem¬ 
perature  coefficient  of  resistance  of 
glass.  The  effect  is  cumulative.  As 
the  seal  runs  hotter,  its  resistance 
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FIG.  7 — Chcoin*!  mixer  circuit  prorid^g  FIG.  8 — Synchronixiag  circuit  used  to  lock  in  the  trigger  generator  with  either  of  the 
10  db  of  isolation  between  channels  sine  wore  oscillators  in  the  tone  channels 


with  the  output  of  channel  11. 
Channel  II  waveforms  are  shown  in 
Fig.  2  for  points  9  through  13  of 
Fig.  1. 

The  channel  mixer  circuit  in  Fig. 

7  is  a  parallel  T-pad  mixer  in  which 
10  decibels  ofusolation  is  provided 
for  each  channel.  The  input  and 
output  impedances  of  the  mixer 
unit  are  approximately  500  ohms. 
If  either  channel  output  is  desired 
without  mixing,  it  may  be  obtained 
at  the  corresponding  channel  jacks 
which  isolate  the  mixing  unit  when 
a  plug  is  inserted.  This  prevents 
the  unwanted  channel  II  signal 
from  appearing  in  the  channel  I 
A  output  or  vice  versa. 

The  output  of  the  channel  mixer 
therefore  consists  of  the  gated  tones 
of  channels  I  and  II.  Since  each 
of  the  tones  may  be  delayed  from 
the  reference  trigger  generator  out¬ 
put,  they  may  be  delayed  independ¬ 
ently  with  respect  to  each  other. 
The  duration  of  either  tone  may 
also  be  independently  variable. 

SyachroRiziag  Clresit 

The  synchronizing  circuit  which 
is  employed  to  lock  in  the  repetition 
rate  at  some  multiple  or  submultiple 
of  either  of  the  input  signal  fre¬ 
quencies  is  shown  in  Fig.  8.  It 
consists  of  amplifier  stage 
triode  saturation  clipper  Vio*,  which 
is  overdriven  to  produce  a  square 
wave  from  the  amplified  sine  wave, 
a  differentiating  circuit  made  up  of 
Ch  and  Rti  and  Ra  in  parallel,  and 
a  negative  clipper  Vu.  The  output 
of  the  circuit  is  therefore  a  nega¬ 
tive  trigger  having  a  leading  edge 
approximately  coincident  in  time 
with  the  zero  point  of  the  negative¬ 
going  portion  of  the  input  sine 
wave. 

The  trigger  is  coupled  to  the 
plate  of  Via  (Fig.  3)  through  C„ 


and  hence  into  the  grid  circuit  of 
Via.  During  the  conduction  period 
of  Via,  the  negative  trigger  is  am¬ 
plified,  inverted,  and  fed  back  into 
the  grid  circuit  of  Vu,  where  it  is 
superimposed  upon  the  grid  relax¬ 
ation  curve  and  therefore  causes  the 
tube  to  conduct  whenever  the  grid 
potential  is  brought  above  cutoff 
by  one  of  the  superimposed  trigger 
voltages.  Selection  of  the  source 
of  synchronization  is  obtained  by 
means  of  a  switch  that  in  positions 
1  and  3  connects  the  inputs  of 
channels  1  and  2  respectively  to  the 
synchronizing  circuit.  In  position 
2,  nonsynchronous  operation  is  ob¬ 
tained. 

ApplieatioRs 

Perhaps  the  most  useful  applica¬ 
tion  of  the  timing  unit  for  com¬ 
mercial  purposes  is  for  simultane¬ 
ous  observation  of  two  related  wave¬ 
forms,  such  as  the  input  and  out¬ 
put  voltages  of  amplifier  circuits. 
The  two  voltages  to  be  observed 
are  applied  to  the  individual  chan¬ 
nel  inputs,  and  the  output  obtained 
at  the  mixer  jack  is  applied  to  the 
vertical  deflection  amplifier  of  a 
c?ithode-ray  oscilloscope.  By  syn¬ 
chronizing  the  repetition  rate  with 
the  desired  reference  signal  by  the 


FIG.  9 — Example  of  use  of  multiTihrator 
keving  Bytiem  ai  an  electronic  switch  for 
a  cathode-ray  oscilloscope,  to  show  the 
input  and  output  Toltage  waTeforms  of  an 
amplifier  side  by  side  so  that  their  90- 
degree  phase  difference  is  clearly  erident 


method  previously  described,  and 
synchronizing  the  horizontal  sweep 
of  the  oscilloscope  with  the  repeti¬ 
tion  rate  multivibrator  output  ob¬ 
tained  at  test  point  1,  a  stationary 
pattern  can  readily  be  obtained. 
The  tone  duration  and  delay  con¬ 
trols  are  then  adjusted  to  sep¬ 
arate  the  two  waveforms. 

To  measure  the  phase  shift  be¬ 
tween  the  two  voltages,  the  repeti¬ 
tion  rate  is  first  synchronized  with 
one  channel  and  then  the  other. 
The  delay  control  of  the  channel 
providing  synchronization  is  ad¬ 
justed  so  that  each  signal  is  gated 
at  the  point  at  which  its  positive-^ 
going  portion  crosses  the  zero  ref¬ 
erence  level.  Synchronization  is 
then  returned  to  the  reference  sig¬ 
nal  and  the  amount  of  delay  neces¬ 
sary  to  return  the  second  signal  to 
its  original  position  gives  an  ac¬ 
curate  measurement  of  the  phase 
shift  between  the  two  signals. 

A  typical  pattern  obtained  using 
this  procedure  is  shown  in  Fig.  9. 

The  timer  may  also  be  used  as  a 
square-wave  generator.  Asymmet¬ 
rical  rectangular  waves  may  be  ob¬ 
tained  at  test  points  2,  3,  4,  and  5. 
The  degree  of  asymmetry  may  be 
varied  by  the  fine  and  coarse  ad¬ 
justments  located  directly  above  the 
respective  test  points  on  the  front 
panel.  Additional  rectangular 
waves  may  be  obtained  at  the  chan¬ 
nel  output  jacks  by  removing  the 
input  signal  and  adjusting  the 
channel  balance  controls  to  give  the 
desired  amplitude  and  polarity.  All 
of  these  waveforms  are  quite  useful 
in  checking  the  square-wave  re¬ 
sponse  of  amplifier  circuits. 

This  work  was  carried  out  un¬ 
der  Task  Order  No.  1  of  Contract 
N5-ori-166  between  the  Office  of 
Naval  Research  and  The  Johns 
Hopkins  University. 
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seals,  where  the  bond  depends  upon 
an  oxide  layer  on  the  metal.  The 
removal  of  excess  metal  oxides  in 
the  vicinity  of  the  glass  seal  is  a 
constant  manufacturing  problem. 

The  freedom  from  oxides  in  the 
ceramic  seal  results  in  a  bond  that 
resists  the  attack  of  strongly  reduc¬ 
ing  atmospheres  and  metallic  va¬ 
pors.  The  ability  of  ceramics  to 
withstand  high  exhaust  tempera¬ 
tures  allows  the  manufacture  of 
tubes  capable  of  being  operated 
under  severe  conditions  without 
fear  of  gassing.  Test  samples  have 
been  operated  in  air  at  tempera¬ 
tures  in  excess  of  500  C,  without 
signs  of  gas  diffusion  or  leaks 
through  either  the  ceramic  or  the 
soldered  joints. 

Comparison  With  Other  Methods 

Other  methods  of  joining  metals 
to  ceramics  are  known  and  have 
been  used.  In  one  of  the  most  com¬ 
monly  used  methods,  the  ceramic  is 
first  metallized  in  a  continuous  band 
around  its  outer  surface.  This 
metallized  surface  is  prepared  by 


Examples  oi  ceramic-ceramic  and  metal- 
ceromic  seals.  Particles  oi  ceramic  adhere 
to  metal  broxing  material  when  tested  to 
destruction,  showing  seal  to  be  stronger 
than  ceramic  itseli 


Table  I — Comparison  oi  Ceramic  and  Gloss — Metal  Seals 


Characteristic 

Magnesium 

Silicate 

(Alsimag  No.  243) 

Bororilicate  I 

Glass 

(Corning  No.  704) 

Dielectric  constant  (10,000  me) . 

5.5 

4.6 

Power  factor  (tangent;  10,000  me) .  .  . 

0.0002 

0.005 

Ix>8s  factor  (10,000  me) . 

0.0011 

0.023 

Volume  resistance  at  300  C . 

7  X  lOu 

5.17  X  10* 

Volume  resistance  at  700  C . 

1  X  10* 

1,000 

Thermal  coefficient  of  expansion . 

10.4x10-* 

4.9x  10-* 

Softening  temperature  "(C) . 

1,440 

697 

Thermal  stability . 

1,000 

450 

Compressive  strength . 

...  85,000 

70,000  (about) 

Flexural  strength . 

_  .  20,000 

8,000  (about) 

coating  the  ceramic  with  a  paint  or 
paste  made  from  a  low.  melting 
point  glaze  and  a  salt  of  gold,  sil¬ 
ver,  or  platinum.  When  this  mix¬ 
ture  is  heated  in  air  to  a  tempera¬ 
ture  ranging  from  450  to  600  C,  the 
glaze  melts  and  wets  the  ceramic. 
The  precious  metal  then  floats  to 
the  surface  of  the  glaze  and  forms 
a  continuous  conductive  layer. 

Tin  or  tin-lead  solders  are  used 
with  these  precious  metal  coatings. 
To  prevent  the  solder  from  alloying 
and  completely  removing  the  metal 
band,  it  is  often  necessary  to  cover 
the  metallizing  with  a  protective 
electrolytic  plate.  Because  of  the 
temperature  limitations  of  soft- 
soldered  joints,  they  are  generally 
unsuited  for  most  vacuum  tube  ap¬ 
plications. 

During  the  war,  the  Germans  de¬ 
veloped  and  produced  a  series  of 
ceramic  seal  triodes  for  use  in  the 
microwave  region.  The  ceramics 
were  prepared  for  soldering  by  first 
coating  them  with  a  paint  made 
from  finely  powdered  molybdenum. 
When  heated  above  1,300  C  in  a 
semireducing  atmosphere,  the  mo¬ 
lybdenum  adhered  to  the  ceramic. 
To  facilitate  subsequent  soldering, 
the  molybdenum  band  was  painted 
with  powdered  nickel,  and  then 
heated  in  a  hydrogen  atmosphere 
to  sinter  the  two  metals  together. 
At  the  final  assembly,  pure  silver 
would  alloy  and  bond  to  the  nickel 
surface. 

■  While  the  ceramic  used  was  not 
of  the  extreme  low-loss  variety,  it 
was  better  than  most  glasses  and  in 
addition  had  good  mechanical  prop¬ 
erties. 

It  is  interesting  to  note  that  the 
Germans  considered  the  gains  real¬ 
ized  by  the  use  of  ceramic  seals 


great  enough  to  warrant  the  use 
of  such  cumbersome  processing. 
Their  involved  methods  of  joining 
ceramic  and  metallic  materials  are 
in  sharp  contrast  to  the  extreme 
simplicity  of  the  titanium  hydride 
method  previously  described,  where 
all  soldering  and  bonding  is  done  in 
•one  operation. 

Conclusions 

The  seals  and  soldering  tech¬ 
niques  just  described  were  devel¬ 
oped  primarily  for  use  in  the  vac¬ 
uum  envelope.  However,  their  many 
unique  properties  are  well  adapted 
for  permanently  attaching  sup¬ 
ports  and  spacers  to  tube  struc¬ 
tures. 

Many  complicated  tube  struc¬ 
tures,  such  as  are  found  in  cathode- 
ray  tubes,  are  fabricated  by  clamp¬ 
ing  the  metal  parts  to  ceramic  rods. 
These  mechanical  clamps  often  an¬ 
neal  and  become  loose  during  proc¬ 
essing.  By  coating  the  ceramic 
rods  under  the  clamps  with  pow¬ 
dered  titanium  hydride  and  pow¬ 
dered  copper,  and  then  pre-exhaust- 
ing  the  structure  in  a  vacuum  fur¬ 
nace  at  1,000  C,  the  parts  are  rigidly 
and  immovably  attached. 

Wiring  circuits  can  be  perma¬ 
nently  attached  to  ceramic  chassis 
units  and  subassemblies  by  print¬ 
ing  the  circuit  on  the  ceramic  part 
with  a  paint  made  from  titanium 
hydride  and  powdered  copper  or 
silver,  then  firing  the  metals  in 
place  in  a  suitable  atmosphere. 
Other  applications  of  metallized 
ceramics  will  undoubtedly  find  use 
in  various  electrical  fields. 

Referenxes 
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very  slow  leaks.  Vacuum  soldering 
eliminates  the  adsorbed  gas  prob¬ 
lems  and  yields  dense  and  leak-free 
metals.  Since  the  parts  are  heated 
to  1,000  C  in  vacuum,  they  are  quite 
thoroughly  degassed.  Additional 
lengthy  exhaust  treatment  is  often 
unnecessary. 


cision  manufacture  demanded  by 
microwave  tubes.  It  is  evident  that 
a  material  possessing  better  proper¬ 
ties  is  desirable. 

Ceramics  for  Tabes 

A  superior  material  has  been 
found  in  certain  ceramics,  especially 
those  of  the  steatite  variety.  These 
magnesium-silicate  ceramics,  when 
compared  to  the  glasses  now  avail¬ 
able  for  vacuum  tube  construction, 
not  only  excel  in  electrical  proper¬ 
ties,  but  have  superior  physical 
properties  which  alone  would  war¬ 
rant  their  use. 

A  new  solution  to  the  problem  of 
obtaining  a  permanent  hermetic 
bond  between  the  ceramic  and  metal 
has  also  been  found.  With  the  newly 
developed  techniques,  the  ceramic 
can  be  joined  either  to  metals  or 
to  other  ceramics  with  high-temper- 
ature  solders.  It  is  of  course  nec¬ 
essary  to  match  the  thermal  expan¬ 
sion  of  the  materials  in  order  to 
avoid  residual  strains. 

The  soldering  can  be  done  sim¬ 
ply  by  painting  the  areas  of  the 
ceramic  with  a  mixture  of  pow¬ 
dered  titanium  hydride  in  a  suitable 
carrier  where  it  is  desired  to  have 
the  solder  adhere.  The  treated 
ceramic  can  then  be  soldered  like 
any  metal  part  by  heating  it  to  a 
temperature  of  900  to  1,000  C 
either  in  a  vacuum  or  in  extremely 
pure  hydrogen.  The  solder  can  be 
added  in  the  form  of  rings,  washers, 
or  powder  as  in  any  conventional 
soldering  operation.  Pure  silver, 
eutectic  silver-copper  alloy,  or  any 
metal  with  a  melting  point  in  this 
temperature  range  can  be  used.  In 
areas  where  the  ceramic  has  been 
coated  with  the  titanium  hydride 
paint,  the  solder  will  spread  and 
firmly  adhere. 

A  suitable  paint  can  be  made  by 
mixing  300-mesh  titanium  hydride 
powder  with  an  easily  volatilized 
lacquer  (such  as  the  nitrocellulose 
lacquers  used  in  the  preparation  of 
heater  coatings  and  emission 
mixes).  The  paint  is  applied  to  the 
ceramic  in  a  thin,  dense  layer  either 
by  brushing  or  spraying. 

During  the  early  stages  of  heat¬ 
ing,  the  titanium  hydride  dissoci¬ 
ates  and  leaves  a  residue  of  pure 
titanium  on  the  ceramic.  The  hy¬ 
drogen  evolved  during  the  heating 
is  released  in  the  atomic  state  and 


SIGNIFICANT  TREND 

•  The  melal-ceramic  seals  and  sol* 
dering  techniques  described  here 
constitute  a  major  advance  in  the  de> 
sign  and  construction  of  many  well- 
known  uhf  and  shf  tubes 

•  Ceramic  insulators,  supports,  and 
windows  having  higher  thermal  sta¬ 
bility  and  lower  losses  than  glass 
are  currently  limited  largely  to  tubes 
produced  under  government  contract, 
but  commercial  tubes  are  expected 
to  have  these  features  in  the  near 
future 

•  The  technique  also  offers  attractive 
possibilities  for  printed  electronic 
circuits  and  for  a  host  of  other  ap¬ 
plications  requiring  metallized  cer¬ 
amics  as  insulators  and  supports 


Expaasiea  of  Caramiet 

The  thermal  expansion  of  mag¬ 
nesium  silicate  ceramic  is  for  all 
practical  purposes  linear.  Iron  con¬ 
taining  from  14  to  30  percent  chro¬ 
mium  has  almost  identical  thermal 
expansion  properties.  This  combi¬ 
nation  of  materials,  when  sealed, 
will  remain'free  from  strains  over 
a  wide  range  of  temperatures. 

To  obtain  low  surface  resistance 
for  the  radio-frequency  currents 
and  to  facilitate  soldering,  a  thin 
layer  of  copper  is  alloyed  to  the 
chrome-iron.  Iron  containing  a 
high  percentage  of  chromium  is 
fairly  corrosion  resistant,  and  the 
copper  surface  further  enhances 
this  property.  By  limiting  the  sur¬ 
face  copper  to  less  than  10  percent 
of  the  total  thickness,  the  expansion 
characteristics  of  the  chrome-iron 
base  are  not  altered. 

Since  there  are  no  rapid  changes 
in  expansion  (such  as  occur  in  glass 
near  its  softening  point),  anneal¬ 
ing  of  ceramic  seals  is  unnecessary. 
They  are,  however,  subject  to  heat 
shock  and  in  this  respect  are  similar 
to  glass.  High  temperature  gradi¬ 
ents  must  be  avoided.  The  rate  of 
heating  or  cooling  is  dependent 
upon  the  uniformity  of  temperature 
throughout  the  ceramic.  It  is  not 
unusual  to  take  an  average  size 
from  room  temperature  to  900  C  in 
three  minutes  without  damage.  Be¬ 
cause  of  the  very  high  softening 
point  of  the  ceramics,  parts  can  be 
manufactured  and  soldered  with 
great  accuracy  and  with  the  assur¬ 
ance  that  they  will  not  undergo  di¬ 
mensional  changes  either  during 
sealing  or  in  subsequent  exhaust 
treatment. 

Gassing 

Metal  parts  are  free  from  oxides 
because  the  bonding  of  the  metal  to 
•the  ceramic  is  done  in  the  absence 
of  oxygen.  If  the  seals  are  made  in 
vacuum,  they  are  exceptionally  free 
from  occluded  gases.  This  is  in 
sharp  contrast  to  the  glass-metal 


is  more  chemically  active  than  hy¬ 
drogen  of  the  same,  purity  prepared 
by  other  means.  The  presence  of 
this  active  hydrogen  is  very  bene¬ 
ficial  in  cleaning  the  surfaces  of  the 
parts.  A  clean  surface  is  always 
easily  soldered. 

Just  above  the  temperature  at 
which  the  bulk  of  the  hydrogen  is 
released,  the  silver  solder  melts  and 
readily  alloys  with  the  titanium. 
This  silver-titanium  alloy  forms  a 
strong  bond  with  the  ceramic.  In 
fact,  the  bond  is  stronger  than  the 
ceramic  itself.  Destruction  tests  al¬ 
ways  reveal  a  layer  of  ceramic 
clinging  to  the  metal. 

The  fact  that  the  joints  can  be 
made  in  a  vacuum  is  advantageous. 
When  silver  and  copper  are  melted 
in  hydrogen,  they  adsorb  large 
amounts  of  gas.  This  gas  is  later 
released  when  the  metals  are  al¬ 
lowed  to  solidify.  The  resulting 
open  structure  is  often  a  source  of 
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Dielectric  loss  curves  ior  representative 
glass  and  ceramic  specimens 
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This  central  signal  source  supplies  modu¬ 
lated  frequencies  to  25  test  stations  in  a 
radio  receiver  manufacturing  plant.  Coup¬ 
ling,  impedance  matching,  attenuator  de¬ 
sign,  radiation,  and  leakage  are  discussed 

By  FRED  MILLER 

Enyincer 

Packard  Bell  Company 
Lob  Ahaelea,  Calijornin 


impedance  to  the  other  frequencies. 
This  makes  it  possible  to  connect 
such  units  in  parallel  to  the  line,  a 
great  advantage  as  it  allows  a  com¬ 
mon  ground  system  and  in  addition 
makes  impedance  matching  easy.  A 
series  connection  would  add  the 
impedance  of  all  elements  in  the 
circuit  at  the  frequency  being  con¬ 
sidered. 

The  final  impedance  match  is  ob¬ 
tained  by  adjusting  values  of  a  car¬ 
bon  resistor  in  the  resonant  circuit. 
The  voltage  level  is  adjusted  by  a 
variable  capacitor  used  to  vary  the 
coupling  to  the  transmitter.  Link 
coupling  is  used  and  the  links  fed 
by  a  62-ohm  coaxial  line.  The  im¬ 
pedance  match  is  not  critical  at 
broadcast  frequencies,  because  the 


FIG.  1  —  Compute 
circuit  ol  one  trans¬ 
mitter  and  a  power 
supply  ior  iour 
transmitters 


line  length  represents  such  a  small  quency.  The  tuning  capacitors  are 


portion  of  a  wavelength;  so  more 
attention  was  given  to  obtaining  the 
desired  voltages  at  the  output  of 
the  coupling  unit. 

The  short-wave  links  are  more 
particular.  The  inductance  of  the 
tuning  coil  for  each  frequency  is 
the  same  as  the  inductance  of  the 


also  the  same  value  as  used  in  the 
transmitters.  The  low  impedance 
of  the  link  circuit  requires  a  large 
variable  capacitance  for  coupling 
and  a  value  of  450-/t/xf  served 
nicely. 

One  coupling  unit  is  used  for 
each  floor  (12  stations).  Thus,  two 


transmitter  tank  coil  for  that  fre-*  coupling  units  are  fed  from  each 

transmitter.  One  chassis  is  used 


Central  signal  panels  contain  separate  transmitters  ior  eoch  irequency  and  the 

coupling  units 
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for  both  i-f  units,  one  chassis  per 
floor  (two)  for  all  broadcast  fre¬ 
quencies  and  one  chassis  per  floor 
(two)  for  all  short  waves.  Broad¬ 
cast-band  coupling  unit  is  shown 
in  Fig.  3. 

Transmission  Linns  and  Nets 

Four  coaxial  cables  are  used  for 
the  transmission  system.  One 
handles  the  i-f  to  eliminate  the  pos¬ 
sibility  of  beats  with  other  fre¬ 
quencies.  One  is  used  for  all  broad¬ 
cast  frequencies,  one  for  all  the 
short  waves,  and  one  for  use  at  a 
later  date  for  an  aligning  signal. 
These  cables  feed  an  attenuator 
box  at  each  test  position.  The 
transmission  lines  are  required  to 
carry  r-f  power  from  the  coupling 
units  to  the  individual  test  stations. 
As  power  delivery  is  required  at  the 
test  stations  and  a  number  of  fre¬ 
quencies  per  line  are  used,  it  is 
necessary  to  match  the  line  im- 


Central  Signal 
for  Production 
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Each  transmitter  chassis  contains  r-l  and  a-f  stages 


OUANTITY  PRODUCTION  of  radio 
receivers  requires  a  cali¬ 
brated  source  of  radio-frequency 
signals  for  aligning  and  testing. 
This  can  be  supplied  by  equipment 
at  individual  testing  stations  or  by 
placing  the  equipment  in  a  central 
location  and  using  transmission 
lines  to  the  individual  stations.  The 
latter  method  provides  a  central  lo¬ 
cation  for  all  the  tube  equipment, 
where  it  can  be  maintained,  ad¬ 
justed  and  kept  free  of  tampering 
by  unauthorized  personnel.  Other 
factors  are  cost,  uniformity  of  sig¬ 
nals,  delivery  time,  and  economy. 

The  system  to  be  described  con¬ 
tains  24  test  stations,  about  7  feet 
apart,  12  to  a  floor  (2  floors),  with 
radio-frequency  energy  covering 
the  intermediate  frequency  and  sev¬ 
eral  spots  across  the  broadcast  and 
short-wave  bands.  An  additional 
station  is  provided  in  the  engineer¬ 
ing  department.  The  r-f  is  con¬ 
trolled  in  amplitude  and  available 
in  level  from  1.0  iiv  to  0.1  volt. 

Troumitters 

A  number  of  transmitters  were 
built,  one  for  each  radio  frequency 
and  modulated  with  an  identifying 
audio  frequency.  The  frequencies 
chosen  are: 

Signal  Frequency  Modulation 

in  cps 


I-F  455  kc  1,500 

Broadcast  1,740  300 

1,530  600 

960  800 

610  1,000 

Short  Wave  6  me  ’  2,000 

10  2,500 

18  3,000 


These  radio  frequencies  were 
chosen  to  supply  the  band  limit, 
alignment  points,  and  cross-over 
tracking  points  in  each  band,  miss¬ 
ing  local  broadcast  stations.  To 
prevent  interruption  of  service,  a 
spare  transmitter  unit  is  provided 
to  replace  temporarily  any  unit 
needing  repair.  It  is  equipped  with 
plug-in  coils  to  cover  the  radio  fre¬ 
quency  range  and  with  a  rotary 
switch  to  select  the  audio  frequen¬ 
cies. 


The  transmitters  employ  the  cir¬ 
cuit  shown  in  Fig.  1.  A  6V6  crystal 
oscillator  using  an  AT -cut  crystal 
is  followed  by  a  6V6  class-C  ampli¬ 
fier  modulated  by  a  6V6  Heising 
modulator.  The  radio-frequency 
output  is  link  coupled  to  a  50-ohm 
line.  Audio  signal  is  supplied  to 
the  modulator  by  a  6SJ7  tube  in 
a  Colpitts  audio  oscillator.  This 
circuit  was  chosen  because  only  one 
tube  is  required,  there  is  no  need 
for  a  tapped  inductance  coil,  and 
it  permits  ease  of  frequency  change 
and  uniformity  of  transmitters  with 
different  audio  frequencies. 

Panel  jacks  are  provided  for 
reading  plate  and  grid  currents  and 
a  rear  jack  for  reading  modula¬ 
tion  voltage.  The  modulation  con¬ 
trol  is  screwdriver  adjusted  at  the 
rear  of  the  chassis.  A  meter  panel, 
with  a  plate  current  meter  and  a 
grid  current  meter,  is  used  for  all 
units.  Standard  phone  plugs  and 
six-foot  cords  make  connections.  A 
separate  power  supply  is  used  for 
each  four  transmitters,  and  sup¬ 
plies  200  volts  at  0.5  ampere. 

Thirty-percent  modulation  was 
used  at  first  so  that  sensitivities 
measured  on  the  assembly  lines 


would  correspond  with  the  standard 
procedure  used  in  engineering  tests. 
However,  the  modulation  percent¬ 
age  was  later  raised  to  about  50 
percent  to  approximate  conditions 
of  a  broadcast  station  and  resulted 
in  a  little  clearer  signal.  The  mod¬ 
ulation  voltage  must  be  maintained 
constant  or  the  apparent  receiver 
sensitivity  will  also  change. 

A  coupling  unit  was  required  to 
couple  each  transmitter  of  each 
frequency  to  the  line,  keep  inter¬ 
action  of  frequencies  in  the  trans¬ 
mitters  at  a  minimum,  match  the 
impedance  of  each  transmitter  to 
the  line,  and  adjust  the  voltage  level 
of  each  frequency  on  the  line.  Inter¬ 
action  of  controls  should  be  small 
and  the  voltage  obtainable  should 
be  variable  from  one  to  several 
volts.  A  number  of  different 
methods,  including  cathode  fol¬ 
lowers,  were  considered  but  the 
coupling  was  accomplished  by 
means  of  the  circuits  shown  in 
Fig.  2. 

Basically,  a  series  resonant  cir¬ 
cuit  is  used  for  each  frequency,  as 
it  has  the  advantage  of  presenting 
a  low  impedance  to  the  particular 
frequency  while  presenting  a  high 
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between  them.  Capacitance  to 
ground  should  also  be  low. 

The  attenuator  elements  are 
formed  by  carbon  resistors.  The 
individual  sections  consist  of  a  T 
pad  with  the  series  arm  82  ohms 
and  the  shunt  arm  20  ohms.  The 
circuit  is  shown  in  Fig.  6.  The 
design  follows  that  for  any  simple 
T  pad. 

Variable  T  Pad 

Five  variable  T  pads  are  used  in 
each  attenuator  box.  One  is  used 
on"  each  of  the  four  input  lines  to 
adjust  the  input  voltage  of  the  at¬ 
tenuator  to  exactly  0.1  volt.  The 
voltage  along  the  lines  varies  due 
to  attenuation  along  the  line  and 
any  slight  reflections  that  may  be 
present.  The  fifth  variable  T  pad 
•is  used  to  control  smoothly  the 
voltage  between  steps  of  the  ladder 
attenuator.  It  corresponds  to  the 
variable  control  on  a  signal  gen¬ 
erator  and  enables  voltages  other 
than  steps  of  10  to  be  obtained.  All 
of  these  controls  are  screwdriver 
types  so  that  the  output  voltage  of 
Attenuators  are  needed  at  each  would  be  undesirable  as  it  would  the  entire  attenuator  can  be  set  to 

test  station  to  reduce  the  signal  cause  the  attenuation  to  differ  a  value  corresponding  to  the  sen- 

level  from  the  maximum  available  to  across  the  band.  To  reduce  this  sitivity  of  the  receiver  being  tested, 

a  known  and  controlled  value.  Each  effect  the  attenuation  per  stage  is  thus  requiring  no  adjustment  by  the 

test  position  is  equipped  with  an  kept  low  (20  db)  and  each  stage  operator. 

attenuator  box  containing  a  switch  individually  shielded.  To  reduce  The  requirements  of  this  pad  are 

for  selecting  one  of  the  four  lines  capacitance  coupling,  the  switch  100-ohm  input  and  output  imped- 

(i-f,  b-c,  8-w,  a-s),  four  variable  T  was  built  into  the  attenuator.  This  ance  ±  10  percent,  ^a  variable  at- 
pads  for  adjusting  the  level  of  each  allows  the  switch  contacts  to  be  tenuation  ratio  of  about  30  db  and 

line  to  0.1  volt;  a  variable  T  pad  to  shielded  up  to  the  actual  surface  of  a  reasonably  flat  frequency  response 

adjust  voltage  between  steps  of  the  the  contact  itself  and  the  spacing  to  20  me.  The  variable  T  pad  is 

attenuator;  and  a  step,  ladder-type  of  contacts  reduces  the  capacitance  made  of  three  rheostats.  Two  are 

attenuator  producing  output  levels 
in  steps  of  10  from  10  /iv  to  0.1 
volt.  The  four-position  switch  is 
arranged  to  terminate  all  unused 
lines  in  100  ohms.  A  test  connector 
is  provided  for  using  a  vtvm  in 
setting  the  input  level. 

It  is  desirable  to  purchase  atten¬ 
uators,  but  due  to  procurement 
problems,  it  was  decided  to  build 
them.  A  simple  design  was  required 
for  ease  of  construction.  The  at¬ 
tenuator  should  have  a  flat  attenua¬ 
tion  ratio  to  20  me  and  steps  of 
output  voltage  of  100,000  /iv,  10,000 
/iV,  1,000  /iV,  100  /iv,  and  10  /iV, 

This  represents  a  total  voltage  at¬ 
tenuation  ratio  of  10,000  or  80  db. 

If  a  very  small  amount  of  capacitive 
coupling  exists  across  the  attenua¬ 
tor,  the  attenuation  ratio  will 
change  at  the  high-frequency  end 

of  the  band  to  be  covered.  This  fig.  5 — Conduit  and  I  boxes  are  mounted  on  the  ceiling  of  the  plant 
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FIG.  4 — Arrangement  oi  transmitters,  resonont-circuit  coupling  units,  and  I-box  pads 


The  method  used  to  accomplish  dropping  from  the  main  cable  to 
the  impedance  matching  is  a  com-  the  test  positions.  This  line  is 
bination  of  line  loading  and  resis-  matched  at  both  sending  and  re- 
tive  impedance-matching  pads.  The  ceiving  ends,  but  on  the  longer 
formula  for  a  distortionless  line  wavelengths  the  characteristic  im-  “ 
(one  in  which  theoretically  there  is  pedance  of  the  line  itself  is  not 
no  frequency  or  delay  distortion)  is  matched.  This  was  done  to  be  able 
(nL/R  =  fuC/G,  where  L  is  indue-  to  use  a  more  convenient  and 
tance,  C  is  capacitance,  G  is  con-  cheaper  cable.  The  receiving  end 
ductance  and  R  is  resistance.  This  is  terminated  in  the  attenuator  box, 
can  be  written  LG  =  RC.  Physical  and  the  sending  end  is  matched  by 
lines  do  not  usually  approach  this  an  impedance-matching  T  pad. 
relationship,  so  it  is  possible  to  im-  The  line  loading  is  625  ohms  and 
prove  the  line  by  loading,  usually  power  is  taken  off  in  this  loading, 
by  increasing  the  inductance.  The  The  input  impedance  of  the  imped- 
LG  term  may  also  be  increased  by  ance-matching  T  pad  is  625  ohms 
increasing  the  conductance  (lower-  and  used  for  the  conductive  load¬ 
ing  the  leakage  resistance  across  ing,  and  the  output  impedance  made 
the  line)  and  accepting  the  attend-  to  look  lik5  100  ohms  to  feed  the 
ant  greater  attenuation.  branch  line.  Minimum  attenuation 

Our  lines  use  the  principle  of  is  required  to  reduce  loss  as  much  as 
loading  with  conductance  and  then  possible.  To  meet  this  condition, 
making  that  conductance  the  use-  one  series  arm  of  the  pad  is  made 
ful  load  on  the  line.  The  conduc-  zero.  An  unusual  feature  of  this 
tance  used  is  625  ohms  every  seven  pad  is  that  the  input  looks  like 
feet,  resulting  in  an  attenuation  of  625  ohms  to  the  line,  but  the  line 
six  db  per  hundred  feet  of  cable  looks  like  only  50  ohms  to  the  pad. 
and'changing  the  characteristic  im-  The  output  looks  like  100  ohms  and 
pedance  of  the  cable  from  52  to  also  is  terminated  in  100  ohms.  The 
50  ohms.  Because  this  impedance  pad  was  designed  t»i  have  an  at- 
change  is  small,  it  is  possible  to  use  tenuation  of  20  db  or  a  voltage 
unloaded  line  from  the  transmitters  ratio  of  10  to  1. 
to  the  point  where  loading  begins.  These  pads  are  contained  in  J 
The  lines  are  terminated  in  50  boxes  which  in  turn  are  placed  in 
ohms.  Figure  4  shows  a  block  dia-  a  larger  box  every  seven  feet  along 
gram  of  the  system.  the  line.  Figure  5  pictures  the  in- 

As  the  lines  are  run  overhead  stallation  of  the  lines  on  one  floor 
and  the  test  positions  are  some  of  the  building  and  shows  the  con- 
distance  from  the  loading  points,  duit,  J  boxes,  T-pad  J  boxes,  cable 
it  is  necessary  to  use  another  line,  drop  offs,  and  shielded  booths. 
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FIG.  2 — Coupling  circuits  for  fooding  sot- 

oral  transmlttors  to  a  common  lino 

pedance  at  the  sending  and  receiv¬ 
ing  ends. 

The  effect  of  mismatch  is  reflec¬ 
tion,  which  results  in  standing 
waves  along  the  line,  producing  in¬ 
consistent  voltages  at  points  along 
the  line,  frequency  discrimination 
at  any  one  point  along  the  line,  and 
inability  to  obtain  the  correct 
amount  of  power  from  the  line.  As 
stations  are  required  every  seven 
feet  along  the  line,  terminations 
become  quite  a  problem.  This  can 
be  seen  from  the  following : 

If  a  50-ohm  line  is  joined  by  an¬ 
other  50-ohm  line,  the  impedance 
presented  at  the  junction  is  that  of 
two  50-ohm  lines  in  parallel,  or  25 
ohms.  This  25  ohms  must  match 
the  previous  single  line  of  50  ohms 
— an  impedance  ratio  of  2  to  1. 

As  the  line  progresses  another 
seven  feet,  another  branch  occurs 
with  another  impedance  discontinu¬ 
ity.  In  addition,  the  two  branches 
are  also  looking  into  25  ohms,  repre¬ 
senting  an  impedance  mismatch  to 
the  branches.  The  usual  way  such 
a  condition  is  met  is  by  use  of 
transformers  to  match  the  different 
impedances.  However,  radio-fre¬ 
quency  transformers  are  usually 
quite  frequency  selective,  and  as 
our  lines  carry  a  number  of  fre¬ 
quencies,  transformers  could  not  be 
used.  If  a  resistive  impedance¬ 
matching  pad  was  used  to  match 
branch  impedances,  the  loss  in  the 
number  of  pads  required  would  be 
prohibitive. 


FIG.  3 — Coupling  unit  for  standard  broadcast  frequencies 
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from  the  outside  srround  conduc¬ 
tor  of  the  cable  acting  as  an  an¬ 
tenna  because  of  a  slight  potential 
difference  between  the  outside  coax¬ 
ial  conductor  and  the  transmitter 
ground  plane.  As  it  is  difficult  to 
determine  the  actual  point  of  equal 
potential  (the  ground  plane),  in¬ 
deed  if  such  a  point  exists,  and  be¬ 
cause  any  connection  to  this  point 
must  be  of  extremely  low  r-f  imped¬ 
ance  at  20  me,  it  is  very  difficult  to 
control  this  type  of  radiation  by 
a  simple  ground  connection  to  the 
transmitter  frame.  A  special  filter 
was  constructed  by  soldering  a  few 
feet  of  the  outside  coaxial  conduc¬ 
tor  to  a  metal  plate  in  an  S  shape 
and  then  grounding  the  plate.  This 
filter  is  quite  effective,  but  placing 
the  cable  in  conduit  is  a  much  bet¬ 
ter  answer. 

If  any  appreciable  signal  is  pres¬ 
ent  on  the  main  lines,  it  can  radiate 
from  them,  as  well  as  be  conducted 
along  them,  and  cause  a  very  diffi¬ 
cult  control  problem.  This  is  pre¬ 
vented  by  the  use  of  filters. 

Simple  r-f  filters  are  used  at  the 
transmitter  units.  They  consist  of 
0.002- juf  mica  capacitors  from  B  + 


to  ground  and  from  both  sides  of 
the  main  line  to  ground.  These  are 
installed  where  the  wiring  enters 
the  chassis,  and  the  lead  lengths  are 
kept  to  less  than  one-half  inch.  It 
was  found  unnecessary  to  use  filters 
in  the  main  power  wiring  to  the 
power  supplies.  Filters  in  the 
shielded  booths  contribute  to  this 
control,  as  well  as  reduce  noise  from 
the  countless  number  of  fluorescent 
lights  and  machinery.  These  filters 
are  installed,  one  in  each  main  wire, 
and  contained  in  a  metal  box 
which  is  grounded  to  the  booth 
metal  wall. 

Low-Frequency  Padding 

In  production  aligning  of  radio 
receivers,  part  of  the  procedure 
may  be  accomplished  more  rapidly, 
and  perhaps  better,  with  inexperi¬ 
enced  personnel,  by  the  use  of  a 
wide-band  signal.  This  allows  trim¬ 
mers  to  be  tuned  for  maximum  out¬ 
put  without  rocking  the  gang. 

A  number  of  disadvantages  of 
the  multivibrator  for  this  use  be¬ 
came  apparent.  One  of  the  most 
glaring  is  the  fall-off  of  radio-fre¬ 
quency  voltage  with  frequency  di¬ 


rectly  as  the  order  of  the  harmonic. 
To  maintain  proper  distribution  of 
the  harmonics,  the  fundamental  fre¬ 
quency  of  the  multivibrator  should 
be  in  the  audio  range,  say,  1,000 
cps.  If  coverage  is  required  to 
20  me,  the  output  voltage  falls 
to  l/20,000th  of  the  fundamental 
and  an  amplifier  to  build  this  char¬ 
acteristic  up  to  a  fiat  curve  and  fur¬ 
nish  an  output  level  of  about  five 
volts  to  operate  the  system  is  a  big 
order. 

•It  was  decided  to  use  a  radio-fre¬ 
quency  oscillator,  sweeping  across 
the  band  at  an  audio  rate.  A  motor- 
driven  capacitor  was  chosen  for  the 
sweep.  During  sweeping,  the  signal 
would  appear  on  a  receiver  only  a 
few  microseconds  every  1/lOOth  of 
.  a  second,  and  to  increase  the  length 
of  time  the  signal  passed  the  re¬ 
ceiver  frequency,  frequency  modula¬ 
tion  was  added  by  means  of  a  reac¬ 
tance  tube.  When  the  circuit  was 
tested,  f-m  was  found  to  be  unnec¬ 
essary,  and  it  was  also  found  that 
the  motor  speed  could  be  reduced  to 
1,800  rpm,  which  results  in  an  im¬ 
pulse  every  l/30th  of  a  second. 

Coupling  units  represent  a  some¬ 
what  different  problem  from  the 
other  units,  as  they  must  handle  a 
band  of  frequencies.  Cathode  fol¬ 
lowers  were  chosen  for  this  reason. 
They  were  designed  to  work  into  a 
50-ohm  load,  and  two  followers 
were  used,  one  for  each  floor. 

Additional  Equipment 

Since  the  equipment  was  first  in¬ 
stalled,  some  of  the  features  added 
are  padding  signals,  an  audio  sys¬ 
tem,  additional  test  stations,  chang¬ 
ing  location  of  test  stations  includ¬ 
ing  one  in  the  engineering  depart¬ 
ment  with  an  additional  50  feet  of 
line,  and  split  test  stations.  The  lat¬ 
ter  consists  in  feeding  part  of  the 
four  cables  of  a  station  to  another 
station,  for  example,  taking  the  i-f 
signal  to  another  test  position  to 
enable  another  test  operator  to  pre¬ 
align  the  i-f  stages.  Thus  produc¬ 
tion  can  be  increased  on  an  assem¬ 
bly  line  by  the  use  of  two  test  opera¬ 
tors.  A  feature  being  added  is  a 
monitor  system  to  check  the  r-f  sig¬ 
nal  level  on  all  lines. 

Test  operators  report  that  they 
like  the  system,  that  it  is  much 
easier  for  them  and  results  in  faster 
testing. 


FIG.  7 — Shielded  booth  containi  openings  for  pasting  through  receiver  chassis 
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linear  taper  100-ohm  maximum 
value,  clockwise  rotation ;  one  is  log 
taper  (curve  A)  1000-ohm  maxi¬ 
mum  value,  counterclockwise  rota¬ 
tion.  Rheostats  for  radio  frequency 
are  difficult  to  obtain,  so  a  number 
of  tests  >yere  made  and  it  was  found 
that  a  wire-wound  control  possessed 
considerable  inductance,  and  that  a 
high-resistance  control  showed  a 
capacitive  effect.  A  low-resistance 
carbon-type  control  is  as  capacitive 
as  a  nigh-resistance  one,  but  the 
capacitive  reactance  is  shunted  by 
a  low  resistance  and  becomes  less 
important.  Controls  made  of  molded 
composition  were  quite  satisfactory 
in  the  100-ohm  value  tested. 

The  output  of  the  attenuator  may 
be  wired  directly  to  the  receiver  an¬ 
tenna  terminal,  using  a  dummy 
antenna,  or  it  may  be  coupled  to  the 
receiver  loop,  using  another  loop 
as  a  radiator.  The  loop  method  is 
favored,  as  it  allows  a  greater  pro¬ 
duction  speed  because  no  connec¬ 
tions  are  made  to  the  receiver.  A 
loop  was  designed,  keeping  the  dis¬ 
tributed  capacitance  low,  to  have 
an  impedance  of  100  ohms  in  the 
middle  of  the  broadcast  band.  This 
loop  worked  very  satisfactorily  for 
the  i-f  and  short  waves  as  well.  The 
receiver  i-f  response  was  naturally 
considerably  less  than  the  other  fre¬ 
quencies  due  to  no  front-end  gain  in 
the  receiver  and  is  in  fact  a  de- 
airable  discrimination. 
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The  problem  can  be  divided  into  ing  the  receiver  in  an  open  metal 
two  main  classifications:  radiation,  box.  Shielded  booths  are  used  at 
and  leakage.  The  difference  between  test  positions  where  sensitive  re- 
these  may  not  be  apparent,  so  we  ceivers  are  aligned.  These  reduce 
will  define  leakage  as  local  effects,  radio  noise  disturbances  from  auto- 
such  as  leakage  across  an  attenuator  matic  screwdriver  motors,  fluores- 
due  to  capacitive  or  inductive  cou-  cent  lights,  and  eliminate  any  resi- 
pling,  and  radiation  as  energy  ar-  due  signal  leakage  that  may  be 
riving  through  the  medium  of  present, 
space.  Its  field  may  be  considerably 
distorted  inside  a  building.  Con¬ 
duction  along  the  main  lines  is  in¬ 
cluded  as  leakage. 

Radiation  occurs  mainly  from 
the  transmitter  and  associated 
equipment  due  to  the  large  amount 
of  power  present  there.  It  may 
also  occur  from  long  runs  of  un¬ 
shielded  coaxial  lines.  It  was  de¬ 
cided  to  attempt  to  control  direct 
radiation  by  shielding  each  unit 
and,  after  •  the  equipment  was 
placed  in  operation,  determine  if 
it  was  necessary  to  add  further  con¬ 
trols,  such  as  a  shielded  room.  It 
was  decided  that  with  other  con¬ 
trols  used  the  equipment  need  not 
be  placed  in  a  shielded  room  and 
that  even  the  shield  cans  may  be 
left  off  to  facilitate  tube  or  other 
maintenance. 

When  unshielded  loops  are  used 
to  couple  power  to  receivers  under 
test,  the  large  number  of  loops  used 
contribute  a  field  strength  which 
may  be  higher  than  the  residue 
radiation  from  the  transmitters.  It 
would  be  uneconomical  to  reduce 
radiation  from  the  transmitters  to 
a  point  greatly  lower  than  that 
from  the  loops.  No  attempt  has 
been  made  to  shield  loops  used  in 
the  open  on  the  assembly  lines,  al¬ 
though  this  might  be  done  by  plac- 


Shiwldiag  Detail 

One  shielded  booth  is  shown  in 
Fig.  7.  The  booths  are  made  of  alu¬ 
minum  alloy  sheets  en  an  extruded 
angle  frame.  When  all  openings 
are  closed,  no  broadcast  stations 
can  be  received,  but  the  booth  is 
normally  operated  with  no  door  and 
two  openings  for  handling  receiv¬ 
ers.  The  receivers  slide  on  a  steel- 
topped  bench  equipped  with  a 
wooden  insert  under  the  coils  of  the 
receiver  being  tested.  An  80-db  line 
filter  is  installed.  It  is  important 
that  this  filter  and  also  the  attenu¬ 
ator  box  be  mounted  directly  on 
the  booth  metal  wall  to  obtain  a 
good  ground.  A  wire  or  braid  to 
ground  is  not  sufficient.  A  Celotex 
lining  improves  the  acoustical  char¬ 
acteristics. 

The  greatest  control  of  radiation 
by  any  single  item  was  installing 
all  coaxial  cables  in  conduit.  A 
completely  closed  conduit  system 
(except  for  drop-off  cables)  was 
used,  tying  the  whole  system  to¬ 
gether  with  a  common  ground  to 
the  transmitter  cabinets.  It  is  un¬ 
important  whether  this  system  is 
grounded  to  actual  ground.  The 
conduit  also  controlled  coaxial  cable 
’  radiation.  This  radiation  occurred, 
not  so  much  through  the  cable,  but 


Radiatiea  aad  Leakage 

In  a  system  comprising  a  number 
of  watts  of  transmitter  power  and 
a  large  network  of  transmission 
lines,  the  problem  is  present  of  radi¬ 
ated  radio-frequency  energy  get¬ 
ting  to  the  receivers  to  be  tested. 
This  energy,  arriving  around  or  by¬ 
passing  the  regular  system,  causes 
trouble  in  a  number  of  ways.  Radi¬ 
ated  signals  are  generally  undesir¬ 
able  because  of  the  possibility  of 
causing  local  interference  in  nearby 
broadcast  receivers,  heterodyne 
whistles  (in  our  case  occuring  only 
on  very  distant  stations  because  of 
choice  of  signal  frequencies),  and 
in  the  case  of  the  i-f  frequency, 
heterodyne  whistles  on  every  signal 
tuned  in. 

More  serious  is  the  by-passing  of 
the  attenuator,  thus  causing  the  at¬ 
tenuation  ratio  to  change,  particu¬ 
larly  on  the  1  to  10  microvolt  levels. 
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PHOTOELECTRIC 

PHOTOMETER 

Designed  for  laboratory  tests  on  smoke  filters,  the  equipment  can  be  adapted  to  many  indus¬ 
trial  problems.  The  amount  of  light  scattered  by  smoke  is  picked  up  at  right  angles  to  the 
main  heam  and  measured  by  a  phototube  and  d-c  amplifier 


instrument  depends  on  the  stray 
light,  which  is  reduced  to  a  mini¬ 
mum  by  buffing  the  trade  mark 
from  the  lamp,  using  coated  lenses 
which  are  kept  free  of  surface 
dust,  and  utilizing  a  carefully- 
designed  system  of  baffies  and  a 
V-shaped  light  trap  in  the  base  of 
the  cell.  The  inside  of  the  cell  is 
covered  with  optical  black  paper. 
The  slits  before  the  phototube  pre¬ 
vent  it  from  seeing  the  illuminated 
edges  of  the  baffies  as  shown.  The 
total  stray  light,  originally  1.5  x 
10“*  lumen,  was  reduced  to  1.0  x 
10^  lumen  by  coating  the  cell  and 
baffies  with  soot  from  burning 
camphor. 

It  has  been  found  that 
the  vacuum  phototube  must  be 
chosen  for  its  stability  and  linear 
response.  The  S-4  surface,  used  in 
the  type  929  and  935  tubes,  is  the 
one  most  sensitive  to  light  from  a 
tungsten  source  at  a  color  tempera¬ 
ture  of  2,870  K.  The  935,  designed 


FIG.  1 — Simplified  diagram  of  the  pene¬ 
trometer.  showing  how  intensity  of  scat¬ 
tered  light  is  effectiTely  measured  by 
a  potentiometer  and  a  scaling  resistor  R 


to  minimize  leakage  currents  which 
may  limit  the  light  sensitivity,  was 
not  readily  available  but  removal  of 
the  929  tube  base,  coating  the  tube 
with  high-resistance  ceresin  wax, 
and  soldering  connections  directly 
to  the  leads,  increased  the  resist¬ 
ance  from  between  10*  and  10“ 
ohms  to  10“  or  10“  ohms.  The 
debased  929  tube,  mounted  inside  a 
sealed  case  as  shown  in  Fig.  3,  was 


FIG.  2 — Detail  of  the  smoke  cell,  showing 
the  light  source  and  mounting  of  the 
phototube  that  gathers  reflected  light  from 
smoke  particles 


employed  with  complete  satisfac¬ 
tion. 

D-C  Amplifier 

A  single-stage  d-c  amplifier  with 
a  rugged  taut-suspension  pointer- 
type  galvanometer  in  the  balanced 
plate  circuit,  has  the  advantage  of 
simplicity  and  stability,  but  re¬ 
quires  very  high  ‘  resistors  in  the 
phototube  circuit  and  an  amplifier 
tube  of  correspondingly  high  input 
impedance.  The  characteristics  of 
a  number  of  tubes  were  studied, 
and  the  38,  1C7G,  and  1D7G  were 
all  found  suitable  for  this  purpose. 
The  type  38  was  used  because  of  its 
availability. 

About  a  third  of  the  tubes  tested 
could  be  operated  at  grid  currents 
of  —2  to  —8  X  10'“  ampere,  by 
making  the  grid  sufficiently  nega¬ 
tive,  reducing  the  heater  voltage, 
and  keeping  the  maximum  inter¬ 
electrode  potential  below  15  volts, 
the  ionizing  potential  of  the  re¬ 
sidual  gas.  It  was  also  found  that 
the  grid  current-grid  voltage  curve 
of  this  tube  could  be  shifted  along 
the  current  axis  by  changing  the 
heater-cathode  potential.  Internal 
leakage  probably  causes  this  effect, 
which  varies  somewhat  from  tube 
to  tube,  and  may  be  turned  to  ad¬ 
vantage  in  choosing  operating  con¬ 
ditions. 

Another  suitable  d-c  amplifier 
tube  is  the  acorn-type  954.  Its  use 
in  circuits  with  resistances  up  to 
10“  ohms  has  been  described*  and 
might  allow  an  improvement  in  the 
sensitivity  of  the  instrument. 

The  amplifier  tube  was  mounted 
in  a  desiccated  airtight  box,  next  to 
the  phototube,  battery  and  scale 
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IMPROVEMENT  in  smoke  filters 
used  in  Service  respirators  re¬ 
quired  development  of  a  rapid  and 
simple  testing  apparatus  of  ex¬ 
treme  sensitivity.  The  same  method 
now  can  be  used  in  testing  commer¬ 
cial  smoke  and  dust  respirators  and 
in  the  scientific  study  of  aerosols, 
colloidal  materials  dispersed  in  air. 
Aerosols  made  from  dispersed  liq¬ 
uids,  with  particles  about  0.3  mi¬ 
cron  in  diameter,  provide  the  sever¬ 
est  test  of  a  filter. 

A  suitable  uniform  test  smoke 
can  be  produced  by  saturating  a 
stream  of  air  with  the  vapor  of  a 
stable  high-boiling  liquid  like  dioc¬ 
tyl  phthalate  (DOP)  in  a  heated 
vessel,  then  suddenly  quenching  the 
vapor  with  a  stream  of  cold  air. 
The  test  smoke  must  be  very  dilute 
— about  100  micrograms  per  liter — 
or  it  changes  rapidly  by  coagulation 
and  also  tends  to  clog  the  filter. 
Smokes  of  this  dilution  are  barely 
visible. 

Fortunately,  photoelectric  optical 
methods  can  solve  the  problem,  pro¬ 
vided  the  test  smoke  is  homogene¬ 
ous.  The  amount  of  light  scattered 
from  such  a  smoke  in  the  well- 
known  Tyndall  beam  in  a  small  cell 
is  proportional  to  its  concentration 


This  paper  is  based  upon  work  done  for 
the  Office  of  Scientific  Research  and  Develop¬ 
ment  under  Contract  OEM8r-282  with 
Northwestern  University. 


considerably  above  100  micrograms 
per  liter.  However,  the  light  scat¬ 
tered  from  a  particular  mass  of 
smoke  depends  upon  the  size  of  the 
particles  it  contains.  When  an  in¬ 
homogeneous  smoke  is  passed 
through  a  filter,  the  particles  of  dif¬ 
ferent  size  are  removed  with  dif¬ 
ferent  efficiencies,  hence  the  size 
distribution  changes.  In  this  case 
the  relative  light-scattering  of  the 
initial  and  filtered  smokes  is  not  a 
quantitative  measure  of  their  rela¬ 
tive  concentrations.  This  fact  must 
be  clearly  understood  in  consider¬ 
ing  optical  methods  of  measuring 
smoke-filter  efficiency. 

Tolman  and  VlieP  have  described 
a  Tyndallmeter  for  visual  photo¬ 
metric  measurement  of  the  light 
scattered  at  right  angles  from  the 
beam.  The  present  instrument, 
called  a  penetrometer  because  it 
was  designed  to  measure  smoke 
penetration  through  filters,  em- 
Pioys  photoelectric  measurement. 
It  was  developed  in  the  author’s 
laboratory  by  Chester  T.  O’Konski 
and  Dr.  Hugh  K.  Pickard.  An  over¬ 
all  description  has  been  published 
elsewhere.*  Photoelectric  and  elec¬ 
tronic  details  are  given  here. 

Experimental  Arrangement 

A  schematic  view  of  the  appar¬ 
atus  is  shown  in  Fig.  1.  Light  scat¬ 
tered  in  the  smoke  cell  at  right  an¬ 
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gles  to  the  t'yndall  light  beam  falls 
on  the  phototube.  The  resulting 
photocurrent,  passing  through  a 
high  resistor  R,  produces  a  poten¬ 
tial  drop  Em  which  is  measured  by 
the  potentiometer,  using  a  d-c 
amplifier  and  null-point  indicator. 
The  response  of  the  vacuum  photo¬ 
tube  is  proportional  to  the  light 
falling  upon  it,  hence  the  potenti¬ 
ometer  can  be  calibrated  directly  in 
terms  of  scattered  light  intensity 
or  smoke  concentration.  As  the 
smoke  concentration  decreases  from 
10“*  to  10“*  gram  per  liter,  R  is  in¬ 
creased  in  decimal  steps  from  10’ 
to  10**  ohms,  thus  maintaining  the 
potential  drop  within  a  range  which 
can  be  measured  conveniently. 

The  whole  apparatus  is  housed 
in  a  metal  12  x  20-inch  cabinet 
12  inches  high,  as  illustrated.  The 
gas  cocks  at  the  end  of  the  cabinet, 
fastened  together  in  pairs,  lead  to 
the  raw  smoke,  filtered  smoke,  and 
filtered  air  lines.  All  are  shown 
closed,  bypassing  the  smoke  cell. 
When  the  top  handle  is  turned  per¬ 
pendicular  to  the  side  of  the  cabi¬ 
net,  connection  is  made  through  the 
cell. 

Smoke  Cell 

The  smoke  cell  is  shown  in  Fig.  2. 
All  metal  parts  are  brass,  silver- 
soldered  where  necessary  to  make 
strong  joints.  The  50-candlepower 
automobile  headlight  bulb  is  ad¬ 
justed  to  focus  a  light  beam  in  the 
center  of  the  cell.  The  light  scat¬ 
tered  at  right  angles  to  the  axis  of 
the  beam  passes  through  two  rec¬ 
tangular  collimating  slits  to  fall  on 
the  phototube. 

The  limit  of  sensitivity  of  the 
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Inside  the  penetrometer.  The  smoke  ceil  is  center  rear,  battery  box  under  the  gol- 
▼anometer.  The  sealed  amplifier  box  oppeory  leit  front,  with  a  window  for  Tiewinq 
desiccant  material  on  top 


stray  light  controls.  This  adjust¬ 
ment  is  checked  every  half  hour. 

Next,  the  smoke  cell  is  filled  with 
the  raw  test  smoke,  the  scale 
switch  is  turned  to  1,  the  percent 
penetration  dials  to  100,  and  the 
sensitivity  controls  are  adjusted  to 
balance  the  amplifier.  About  0.25 
V  is  required  to  balance  the  light 
scattered  from  a  DOP  smoke  of 
0.3  micron  diameter,  at  100  micro¬ 
grams  per  liter.  For  much  more 
concentrated  smokes,  the  range  of 
the  penetrometer  is  extended  by  ap¬ 
plying  3.0  V  to  the  potentiometer, 
and  balancing  the  stray  light  and 
smoke  currents  as  before. 

The  penetrometer  now  reads  100 
percent  penetration  for  the  raw 
test  smoke.  When  filtered  smoke 
is  put  into  the  cell,  the  scale  switch 
turned  to  the  proper  point,  and  the 
amplifier  balanced  by  adjusting  the 
percent  penetration  dials,  the  read¬ 
ing  gives  immediately  the  light 
scattering,  relative  to  that  of  the 
raw  smoke.  Thus  a  reading  of  34 
percent  on  the  0.001  scale  corre¬ 
sponds  to  0.034  percent  of  the  orig¬ 
inal  scattered  •  light,  and  a  filter 
penetration  of  0.034  percent,  if  the 
test  smoke  is  uniform. 

The  validity  of  the  measurement 


of  low  filter  penetrations  with  this 
penetrometer  cannot  be  checked 
directly  by  gravimetric  measure¬ 
ments.  However,  the  self-con¬ 
sistency  of  a  series  of  measure¬ 
ments  can  be  checked  by  means  of 
the  well-established  law  of  filtration 
of  homogeneous  smokes;  the  frac¬ 
tional  penetration  of  such  a  smoke 
through  a  filter  is  independent  of 
the  smoke  concentration.  Thus  if 


a  composite  pad  is  made  of  a  series 
of  n  similar  sheets  of  filter  materi¬ 
al,*  the  fractional  penetration  of 
each  of  which  is  P,,  the  fractional 
penetration  of  the  whole  pad  will 
be 

P  =  Pi“  or  log  P  =  n  log  Pi. 

A  plot  of  P  against  n  on  semi- 
logarithmic  paper  therefore  should 
give  a  straight  line.  Two  series  of 


FIG.  4 — Schematic  circuit  diagram  of  phototube  and  amplifier  circuits.  Voltage  checking  circuit  for  batteries  has  been  simplified 
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differ  by  10  percent ,  from  their 
nominal  value,  a  simple  compensat¬ 
ing  circuit  connected  to  the  first 
gang  of  the  scale  switch  varies  the 
emf  applied  to  the  potentiometer, 
in  proportion  to  the  deviations  of 
the  resistors  on  the  different  scales. 
The  scale-correcting  circuit  allows 
the  potential  on  the  0.1,  0.01,  and 
0.001  scales  to  be  varied  by  ±  12.6 
percent  of  that  applied  to  the  1 
scale. 

The  scale-correcting  potentiom¬ 
eters  are  adjusted,  by  means  of 
three  slotted  shafts  on  the  left- 
hand  side  of  the  front  panel  until' 
the  readings  of  a  constant  photo¬ 
current  differs  by  a  factor  of  ex¬ 
actly  10  on  two  successive  scales. 
A  suitable  current  is  produced  in 
the  phototube  by  means  of  the  cali¬ 
brating  lamp  shown  in  the  photo¬ 
tube  housing  (Fig.  3).  The  light 
is  controlled  by  the  resistors  con¬ 
nected  to  the  scale  check  switch. 
Thus,  to  compare  the  1  and  0.1 
scales,  the  percent  penetration  dials 
are  set  at  10  on  the  1  scale,  and  the 
scale  check  switch  is  turned  to  1. 
Then  the  emf  due  to  the  steady 
photocurrent  is  balanced  with  the 
sensitivity  controls.  Next  the  dials 
are  set  at  100  on  the  0.1  scale,  and 
if  necessary  the  amplifier  is  bal¬ 
anced  by  a  screwdriver  adjustment 
of  the  top  scale-correction  potenti¬ 
ometer.  This  makes  the  1  and  0.1 
scales  consistent,  and  similar  ad¬ 
justments  bring  the  others  into 
harmony.  In  practice,  the  high 
resistors  do  not  have  to  be  checked 
frequently,  although  the  whole  pro¬ 
cess  takes  only  a  few  minutes.  This 
arrangement  can  be  used  to  give 
the  advantage  of  direct  reading  to 
any  circuit  employing  a  series  of 
Potentiometer  Scale-Corrector  high  resistors. 

The  voltage  range  of  the  two-dial 
percent  penetration  potentiometer 
is  regulated  by  the  sensitivity  con-  Before  making  any  measure- 
trols.  The  range  of  photocurrent  ments  of  smoke  penetration,  the 
measurement  is  determined  by  the  heater-grid  switch  is  turned  on  and 
position  of  the  scale  switch,  the  the  tube  allowed  to  warm  up  for  a 
third  gang  of  which  holds  four  half  hour.  With  the  scale  switch  on 
metallized  resistors,  nominally  10^  0,  the  plate  switch  is  turned  on, 

10*,  10*,  and  10“  ohms,  mounted  on  and  the  amplifier  is  balanced  with 
a  ceramic  wafer.  In  order  to  make  the  grid  bias  controls.  The  smoke 
the  instrument  direct-reading,  the  cell  is  flushed  out  with  scrupulously 
successive  resistors  must  differ  by  filtered  air,  the  potentiometer 
factors  of  exactly  ten,  or  deviations  switch  turned  to  1.5  v  and  the  scale 
must  be  compensated  automatically,  switch  to  E.  Then  the  parasitic 
Since  even  selected  resistors  may  currents  are  balanced  with  the 


to  the  grid  of  the  tube.  The  grid 
bias  L-pad  and  200-ohm  resistor 
are  adjusted  to  balance  the  galva¬ 
nometer  in  the  plate  circuit.  Next, 
the  scale  switch  is  turned  to  E 
(check),  connecting  the  highest 
(10“  ohm)  resistor  to  the  photo¬ 
cell.  The  smoke  cell  is  swept  out 
with  filtered  air,  and  the  potential 
drop  due  to  the  parasitic  currents 
is  balanced  by  moving  the  stray 
light  potentiometer  B  to  the  right. 
When  the  scale  switch  is  turned  to 
the  10*-ohm  resistor,  the  10,000- 
ohm  potentiometer  C  is  adjusted 
to  maintain  compensation  on  the 
0.01  scale. 


switch  carrying  the  high  resistors. 
A  rubber  bulb,  inflated  when  the 
box  was  closed,  reduced  the  ten¬ 
dency  for  breathing  of  humid  air 
due  to  temperature  change. 

The  wiring  diagram  of  the  ap¬ 
paratus  is  shown  in  Fig.  4  A  po¬ 
tential  checking  circuit  has  been 
simplified  for  clarity.  The  plate- 
circuit  galvanometer  has  a  resist¬ 
ance  of  1,000  ohms,  and  sensitivity 
of  0.125  microampere  per  milli¬ 
meter.  A  double-pole  double-throw 
pushbutton  switch  controls  its  sen¬ 
sitivity.  Pushing  the  button  con¬ 
nects  the  galvanometer  across  an 
8,000-ohm  damping  resistor,  giving 
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FIG.  3 — Plan  yiew  of  sealed  amplifier  and  phototube  housing.  Calibrating  lamp  at 
the  right  is  used  to  adjust  the  equipment.  The  rubber  bulb  is  inflated  to  reduce 
inhalation  of  moisture  with  changes  in  atmospheric  pressure 


high  sensitivity.  Releasing  the  The  connection  to  D  gives  correct 
button  returns  the  switch  to  its  compensation  on  the  0.1  scale,  while 
normal  position  and  reduces  the  none  is  required  on  the  1  scale.  The 
galvanometer  sensitivity  by  a  fac-  compensation  is  adequately  inde- 
tor  of  20.  When  the  galvanometer  pendent  of  subsequent  changes  of 
is  balanced,  a  plate  current  of  30  the  grid  bias  controls,  since  the 
to  32  microamperes  across  the  50,-  total  variation  in  the  resistance  of 
000-ohm  resistor  balances  the  po-  this  circuit  cannot  exceed  3  percent, 
tential  of  the  last  section  of  the 
plate  battery  (1.6  to  1.6  v). 

The  measurement  of  minute 
photocurrents  requires  correction 
or  compensation  for  the  following 
parasitics  in  the  grid  circuit: 
phototube  leakage  current  of  about 
10““  ampere;  amplifier  grid  cur¬ 
rent  of  —10““  ampere  or  less; 
stray  light  current  of  about  6  X 
10““  ampere.  In  this  apparatus, 
these  are  all  compensated  by  the 
stray  light  control,  connected  to  the 
second  gang  of  the  scale  switch. 

First,  this  switch  is  turned  to  0, 
disconnecting  the  potentiometer 
and  connecting  the  point  A  directly 
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Performance  characteristics  of  basic  circuits  for  removing 
that  portion  of  a  signal  which  exceeds  a  predetermined 
level  or  for  passing  only  signals  exceeding  the  clip  level, 
and  for  restoring  or  changing  average  values  of  signals 
having  level  portions 


a  level  portion  of  the  signal  wave¬ 
form  at  a  specified  voltage. 

Shunt  Diode  Clipping 

The  simple  clipping  circuit  in 
Fig.  lA  uses  a  diode  in  shunt  with 
the  path  of  the  signal.  Circuits  of 
this  type  can  be  used  only  when 
the  load  on  the  circuit  is  small  com¬ 
pared  to  the  load  imposed  by  the 
diode  when  it  conducts. 

This  type  of  circuit  clips  or  lev¬ 
els  the  signal  whenever  the  plate 
voltage  of  the  diode  becomes  posi¬ 
tive  because  its  resistance  is  then 
much  smaller  than  that  of  the  se¬ 
ries  resistor,  so  that  a  large  voltage 
drop  occurs  in  the  series  resistor. 
When  the  plate  voltage  is  negative, 
however,  the  diode  is  essentially  an 
open  circuit  and  the  voltage  drop  in 
the  series  resistor  is  small.  Revers¬ 
ing  anode  and  cathode  connections 
gives  positive  output  pulses. 

Copper-oxide,  selenium,  or  crys¬ 
tal  rectifiers  can  be  used  in  place  of 
diodes,  depending  upon  the  char¬ 
acteristics  of  the  signal  and  the 
circuit  in  which  the  clipping  circuit 
is  placed.  Due  to  their  large  shunt 
capacitance,  large  dry-disk  recti¬ 
fiers  are  unsuitable  when  the  signal 
has  high-frequency  components. 

Application  of  an  adjustable  volt¬ 


C LIPPING  or  leveling  circuits 
are  used  to  perform  many 
useful  operations,  such  as  creating 
square  waves  from  sine  waves,  re¬ 
moving  large  noise  pulses  from 
audio-frequency  signals,  and  remov¬ 
ing  portions  of  signals  for  special 
purposes. 

Clipping  circuits  may  be  ar¬ 
ranged  either  to  remove  the  portion 
of  a  signal  which  exceeds  the  clip 
level  or  to  pass  only  those  signals 
which  exceed  the  clip  level.  Some  of 
the  circuits  can  be  modified  so  that 
the  signal  is  clipped  only  a  portion 
of  the  time,  or  so  the  signal  is  elim¬ 
inated  except  when  it  arrives  at 
the  proper  time. 

Clamping  circuits,  also  called  d-c 
restorers,  are  used  to  restore  or 
change  the  average  value  of  signals 
which  have  level  portions  in  their 
waveforms.  The  level  portions  of 
the  waveforms  are  necessary  if  the 
clamping  action  is  to  be  accom¬ 
plished.  Signals  having  random 
variation  (or  low-frequency  a-c 
components)  which  are  passed 
through  a-c  amplifiers  usually  have 
the  low-frequency  components  badly 
distorted.  Clamping  circuits  act  to 
restore  these  components,  and  also 
to  change  the  d-c  level  of  the  signal 
if  desired,  by  periodically  clamping 


FIG.  1 — Basic  series  and  shunt  diode  clip* 
ping  circuits 


age  to  the  cathode  as  in  Fig.  IB 
makes  it  possible  to  set  the  voltage 
at  which  the  input  signal  is  clipped. 
The  opposite  portion  of  the  signal 
can  be  clipped  by  reversing  the  di¬ 
ode.  The  diode  and  potentiometer 
resistance  must  be  much  smaller 
than  the  series  resistance. 

Scries  Diode  Clipping 

With  a  diode  in  series  with  the 
path  of  the  signal  as  in  Fig.  1C,  the 
circuit  can  be  loaded  more  heavily 
than  when  using  a  shunt  diode.  The 
values  of  the  circuit  elements  are 
not  critical  insofar  as  the  clipping 
action  is  concerned  but  depend  upon 
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results  with  one  of  our  meters, 
shown  in  Fig.  5,  are  seen  to  follow 
the  filtration  law  over  a  260-fold 
change  in  concentration.  These 
results  check  the  validity  of  the 
penetrometer  and  also  the  homo¬ 
geneity  of  the  test  smoke.  A  curve 
concave  ^upwards  indicates  an  in¬ 
homogeneous  smoke,  the  larger 
particles  of  which  are  removed  by 
the  first  few  sheets. 

Smoke  Cerrents 

Smoke  currents  may  be  measured 
directly.  The  percent  penetration 
potentiometer  is  adjusted  to  read  in 
centivolts  on  the  1  scale  by  setting 
the  dials  on  101.8,  connecting  the 
check  circuit  to  p<jsition  7,  and  bal¬ 
ancing  the  galvanometer  with  the 
sensitivity  controls.  Changing  back 
to  the  usual  measuring  circuit,  the 
parasitic  currents  are  compensated 
as  before,  and  the  amplifier  bal¬ 
anced  with  smoke  in  the  cell.  The 
dial  setting  gives  the  smoke  current 
in  millimicroamperes  (10  *  amp) 

The  penetrometer  may  be  cali¬ 
brated  directly  in  micrograms  per 
liter  of  any  particular  smoke  by 
measuring  the  concentration  of  a 
sample  (by  collecting  and  weighing 
the  smoke  in  a  known  volume) ,  set¬ 
ting  the  percent  penetration  dials 
to  correspond,  and  adjusting  the 
sensitivity  dials  to  balance  the  am¬ 
plifier. 

Parasitic  Currents 

The  potentiometer  is  adjusted  to 
read  in  centivolts,  its  dials  brought 
to  zero  and  the  scale  switch  set  on 
0.001.  Then  the  top  of  the  smoke 
cell  is  covered  with  a  light-tight 
cap,  and  the  amplifier  balanced  with 
the  grid  bias  controls  to  compensate 
grid  and  leakage  currents.  The  cell 
is  flushed  with  filtered  air,  the  cap 
is  removed,  and  the  amplifier  bal¬ 
anced  with  the  potentiometer  dials, 
the  reading  of  which  gives  the 
stray-light  current  in  micromicro¬ 
amperes  (10“  amp).  To  measure 
the  amplifier  grid  current,  opposite 
in  sign  from  the  stray-light  cur¬ 
rent,  the  potentiometer  is  calibrated 
in  centivolts,  the  anode  switch  is 
opened  to  eliminate  phototube  leak¬ 
age  and  dark  currents,  the  stray 
light  potentiometer  is  turned  to  0, 
and  the  amplifier  balanced  on  the 
0.001  scale,  using  the  grid  bias  con¬ 
trols.  The  grid  voltage  includes  the 


FIG.  5 — ^Validity  checks  oi  the  test  smoke 
and  the  phototube  method.  Penetration 
through  a  filter  decreases  os  the  number 
of  sheets  of  filter  paper  is  increased 


IR  drop  of  the  grid  current,  which 
is  eliminated  by  turning  the  scale 
switch  to  1.  To  rebalance  the  am¬ 
plifier,  the  percent  penetration  po- 
tentigmeter  must  be  adjusted,  and 
its  reading  corresponds  to  the  neg¬ 
ative  grid  current,  in  micromicro¬ 
amperes. 

If  the  anode  switch  is  closed  and 
the  smoke  cell  is  capped,  the  pro¬ 
cedure  of  the  preceding  paragraph 
measures  the  amplifier  grid  current 
(0  to  —  lO*'^  amp)  plus  the  photo¬ 
tube  leakage  and  dark  currents 
(about  10'“  amp) ,  which  are  found 
by  difference. 

The  selection  of  a  tube  with  suf¬ 
ficiently  low  grid  current  and  the 
choice  of  operating  conditions,  re¬ 
quires  a  knowledge  of  the  amplifier- 
tube  characteristics,  which  can  be 
determined  without  any  auxiliary 
equipment  as  follows: 

The  anode  switch  is  opened  and 
the  potentiometer  calibrated  in 
centivolts.  Connecting  the  check 
circuit  in  position  8  opposes  the 
grid  voltage  with  the  standard  cell 
and  potentiometer  voltages  in 
series.  The  grid  bias  then  can  be 
set  on  any  desired  value  between 
—  1.02  and  —2.5  v,  and  the  corre¬ 
sponding  grid  current  measured  as 
described  in  the  preceding  section. 

Turning  the  plate  current  switch 
to  its  upward  position  connects  a 
1,000-ohm  potentiometer  and  400- 
ohm  rheostat  across  the  1.5-v  auxil¬ 
iary  plate  battery.  The  measured 
value  of  the  13,000-ohm  resistor 
and  the  voltage  from  the  1,000-ohm 


potentiometer  required  to  balance 
the  galvanometer  allow  the  plate 
current  to  be  calculated.  It  is 
simpler  to  make  the  potentiometer 
dial  read  directly  in  plate  current, 
as  follows:  The  check  circuit  in 
position  9  opposes  the  standard  cell 
and  1,000-ohm  potentiometer,  which 
must  be  adjusted  to  1.018  v  to  bal¬ 
ance  the  galvanometer.  The  plate 
current  Required  to  give  this  poten¬ 
tial  drop  across  a  resistor,  for  ex¬ 
ample  of  13,420  ohms,  would  be 
1.018/13,420  =  76  X  10-  amp. 
After  setting  the  potentiometer 
dial  at  76  and  balancing  the  gal¬ 
vanometer  with  the  400-ohm  vari¬ 
able  resistor  the  potentiometer 
scale  reads  directly  in  microam¬ 
peres,  within  a  few  percent. 

Other  Applications 

The  instrument  here  described 
can  be  applied  to  many  other  meas¬ 
urements  beside  that  of  smoke-filter 
penetration.  It  could  be  used  to 
measure  the  amount  of  dust  in  flue 
gas,  and  hence  determine  the  com¬ 
pleteness  of  combustion  in  steam 
plants.  It  would  be  useful  in  check¬ 
ing  the  loss  of  fluid  catalyst  used  in 
petroleum  cracking,  by  measuring 
the  amount  in  the  exit  gas  from  the 
regenerating  units.  It  could  be  ap¬ 
plied  to  the  measurement  of  atmos¬ 
pheric  dust  and  smoke  contamina¬ 
tion  and  to  the  testing  of  filtered 
air  in  any  chemical  or  biological 
manufacturing  process  where  dust 
and  bacterial  contamination  must 
be  prevented.  Replacing  the  smoke 
cell  with  a  cell  designed  for  liquids 
would  give  an  extremely  sensitive 
nephelometer,  with  which  to  study 
the  concentrations  of  liquid  col¬ 
loidal  systems.  The  use  of  photo¬ 
tubes  with  different  response  char¬ 
acteristics,  suitable  light  filters,  and 
Polaroid  disks  would  allow  the  con¬ 
venient  measurement  of  •  many 
optical  properties  of  aerosols,  sus- 
pensoids,  or  emulsoids.  The  sensi¬ 
tive  photometric  circuits  here  de¬ 
veloped  could  be  applied  to  a  study 
of  the  intensities  of  spectral  lines, 
fluorescence,  and  Raman  spectra. 
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FIG.  2 — Special  clipping  Arcuita.  including  arrongementa  for  grid  ond  plate  clipping 


these  time  constants  can  be  changed 
by  means  of  the  variable  resistance 
in  the  circuit,  thus  changing  the 
voltage  across  the  capacitor  and 
the  clipping  level.  The  clipping  level 
also  depends  upon  the  average  am¬ 
plitude  of  the  signal,  hence  these 
circuits  cannot  be  used  with  irregu¬ 
lar  waveforms. 

Emission-Saturation  Clipping 

A  clipping  circuit  which  depends 
upon  the  emission  saturation  of  a 
tungsten-filament  tube  is  given  in 
Fig.  2C.  Clipping  in  this  circuit 
occurs  when  the  plate  voltage  is 
negative  or  when  the  emission  limit 
of  the  filament  is  reached.  The  re¬ 
sistance  shown  in  the  circuit  rep¬ 
resents  the  load.  Tungsten-filament 
tubes  are  not  commonly  available 
in  small  sizes;  however,  the  type 
FP-400  can  be  used. 

Grid  aud  Plato  Clipping 

With  grid  circuit  clipping  as  in 
Fig.  2D,  the  positive  portions  of 
the  grid  signal  are  clipped  in  the 
same  way  that  signals  are  clipped  in 
the  diode  circuits  of  Fig.  1.  The 
signal  is  amplified,  inverted,  and 
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the  application.  The  diode  passes 
the  signal  whenever  the  instanta¬ 
neous  flow  of  current  is  in  the  direc¬ 
tion  which  tends  to  make  the  diode 
plate  positive.  The  signal  is  clipped 
when  the  plate  voltage  becomes 
negative.  Reversing  polarity  of  di¬ 
ode  connections  gives  negative  out¬ 
put  pulses. 

In  the  series  diode  circuit  of  Fig. 
ID  the  clipping  level  is  set  by  ad¬ 
justment  of  the  variable  potentiom¬ 
eter.  In  the  circuit  of  Fig.  IE,  the- 
clipping  level  is  determined  by  a 
voltage  wave  applied  from  an  ex¬ 
ternal  source.  The  circuit  of  Fig. 
IF  uses  a  series  battery  to  change 
the  average  level  of  the  signal  and 
thus  change  the  clipping  level. 

Scries  Capacitor  for  Biot 

Circuits  with  adjustable  clipping 
levels,  in  which  the  average  value 
of  the  signal  is  changed  by  the  d-c 
voltage  developed  across  a  series 
capacitor,  appear  in  Fig.  2A  and 
2B.  This  voltage  is  developed  due 
to  the  difference  of  the  charging 
and  discharging  time  constants  of 
the  circuit*  which  includes  the  ca¬ 
pacitor  and  the  diode.  The  ratio  of 


the  opposite  portion  of  the  signal 
is  clipped  if  the  grid  signal  becomes 
negative  enough  tO'cause  plate  cur¬ 
rent  cutoff.  A  bias  voltage  may  be 
applied  in  the  grid  circuit  to  change 
the  clipping  level. 

Clipping  in  the  plate  circuit  due 
to  plate-current  cutoff  at  one  ex¬ 
treme  and  to  space-charge  limita¬ 
tion  of  plate  current  at  the  other  ex¬ 
treme  is  utilized  in  Fig.  2E.  The 
signal  is  amplified  and  inverted  as 
well  as  clipped.  A  large  load  re¬ 
sistance  is  used  in  the  plate  circuit 
so  that  the  path  of  operation  on  the 
plate  characteristic  will  be  as  indi¬ 
cated.  The  flow  of  grid  current  in 
this  circuit 'loads  the  circuit  sup¬ 
plying  the  signal,  which  therefore 
must  have  a  low  internal  impedance. 

Clipping  in  the  plate  circuit  of 
a  pentode,  illustrated  in  Fig.  2F,  is 
similar  to  the  action  of  the  triode 
circuit  of  Fig.  2E  except  that  the 
grid  is  not  driven  positive  and  thus 
the  loading  of  the  signal  source  is 
eliminated.  The  signal  must  not  be 
too  large  and  sufficient  cathode  bias 
must  be  used  for  proper  operation. 

Cathoda-Cireait  Clipping 

When  clipping  in  a  cathode-fol¬ 
lower  circuit  as  in  Fig.  3A,  the  top 
of  the  input  signal  is  clipped  when 
grid  current  flows  due  to  the  volt¬ 
age  drop  in  the  resistor  in  series 
with  the  grid.  The  bottom  of  the 
signal  is  clipped  when  the  grid-to- 
cathode  voltage  becomes  negative 
enough  to  cut  off  plate  current.  A 
relatively  large  input  signal  is  re¬ 
quired  if  both  the  top  and  bottom 
of  the  input  wave  are  to  be  clipped. 
A  potentiometer  across  the  cathode 
resistor  adjusts  the  average  value 
of  the  input  signal  and  controls 
the  grid  bias  voltage. 

Clipping  in  the  cathode-input  am¬ 
plifier  of  Fig.  3B  occurs  when  grid 
current  flows  and  when  plate  cur¬ 
rent  is  cut  off.  This  circuit  requires 
a  low-impedance  signal  source  (such 
as  the  output  of  a  cathode  follower) . 
It  has  the  advantage  of  giving  volt¬ 
age  amplification  and  clipping  with¬ 
out  inverting  the  signal. 

Coincidene*  Cireait 

The  signals  in  Fig.  3C  are  clipped 
except  when  they  coincide.  Either 
of  the  control  grids  can  cut  off  plate 
current,  and  both  are  biased  be¬ 
yond  cutoff  in  this  circuit.  When 
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they  are  both  raised  above  their  cut¬ 
off  potentials,  plate  current  flows 
and  an  output  signal  is  obtained. 
Similar  effects  can  be  obtained  with 
ordinary  triodes  and  pentodes  by 
applying  one  of  the  signals  to  the 
cathode,  screen  grid,  or  suppressor 
grid. 

VR  and  Thyritc  Clippers 

Neon  lamps  or  VR  tubes  can  be 
used  in  the  gas  diode  type  of  clip¬ 
ping  circuit  shown  in  Fig.  3D.  The 
resistor  is  chosen  so  that  the  cur¬ 
rent  conducted  by  the  tubes  stays 
within  their  ratings.  The  output 
voltage  has  small  spikes  on  the  lead¬ 
ing  edges  because  the  gas  tubes 
require  a  starting  voltage  which 
is  greater  than  their  normal  volt¬ 
age  drop  while  conducting. 

A  clipping  circuit  using  a  Thy- 
rite  element  appears  in  Fig.  3E. 
Thyrite  devices  are  often  used  on 
power  transmission  lines  to  mini¬ 
mize  voltage  surges  due  to  light¬ 
ning. 

Diode  Clamping  Cirenits 

In  the  diode  clamping  circuit  of 
Fig.  4A,  the  upper  portion  of  the 
input  signal  is  clamped  at  zero 
voltage.  By  reversing  the  diode 
the  opposite  side  of  the  signal  can 
be  clamped  at  zero  voltage.  Opera¬ 
tion  depends  upon  the  difference 
in  time  constant  for  charging  and 
discharging  C.  When  charging,  the 
diode  resistance  shunts  R,  but  while 
discharging  the  diode  acts  as  an 
open  circuit.  Selenium,  copper- 


oxide,  or  crystal  rectifiers  can  be 
used  in  place  of  the  diode. 

A  clamping  circuit  with  an 
adjustable  clamping  level  is  given 
in  Fig.  4B.  By  placing  the  diode 
in  a  circuit  containing  an  adjust¬ 
able  d-c  voltage  E,  the  clamping 
level  assumes  the  voltage  E  instead 
of  zero  level.  The  opposite  side  of 
the  signal  can  be  clamped  by  re¬ 
versing  the  diode. 

Tried*  Clamping  Clrenltt 

Clamping  in  the  grid  circuit  of 
a  tube  as  in  Fig.  4C  involves  ac¬ 
tion  of  the  grid  circuit  of  a  tube 
similar  to  diode  action,  hence 
clamping  can  be  obtained  by  using 
the  grid  in  place  of  the  plate  of 
the  diode.  This  operation  is-merely 
a  special  case  of  grid-leak  biasing. 

If  neither  top  nor  bottom  of  the 
wave  to  be  clamped  has  a  suitable 
level  portion,  clamping  can  be  ac¬ 
complished  with  the  synchronized 
clamping  circuit  of  Fig.  4D  if  some 
intermediate  portion  of  the  wave 
is  level.  Signals  which  occur  at 
random  about  such  a  level  portion 
will  cause  the  signal  to  have  a  vary¬ 
ing  average  value  as  indicated  by 
the  dotted  line  on  the  input  wave¬ 
form.  If  the  signal  has  passed 
through  stages  having  a-c  coupling 
only,  these  low-frequency  compo¬ 
nents  become  out  of  phase  with  the 
main  signal  or  are  lost  entirely. 
The  purpose  of  the  clamping  cir¬ 
cuit  is  to  restore  the  signal  to  its 
original  form. 

The  switching  voltage  is  syn- 


FIG.  3 — Examples  of  cathode-circuit  clipping,  o  coincidence  circuit  that  clips  except 
when  two  input  signals  coincide,  ond  special  gas  diode  and  Thyrite  clipping  circuits 
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FIG.  4 — Diode  and  triode  clamping  cir¬ 
cuits.  also  called  d-c  restorers 


chronized  with  the  signal  so  that 
the  tubes,  which  are  normally 
biased  beyond  plate-current  cutoff, 
are  switched  on  when  the  portion 
of  the  signal  to  be  clamped  occurs. 
The  tubes  then  conduct  and  cause 
•the  output  to  have  the  proper  value 
during  the  clamping  period.  The 
coupling  capacitor  assumes  a  charge 
during  this  period  which  results  in 
the  random  signal  starting  at  the 
right  level.  Before  the  capacitor 
voltage  has  had  time  to  stray  far 
from  the  proper  value,  the  circuit 
again  clamps  and  the  capacitor 
voltage  is  brought  back  to  the 
proper  value. 

Synchronized  clamping  can  also 
be  accomplished  by  using  diodes  in 
place  of  the  triode  tubes  of  Fig.  4D. 
Instead  of  a  battery  or  other  steady 
voltage  source,  switching  signals 
are  applied  to  the  cathode  of  one 
diode  and  to  the  anode  of  the  other. 
During  the  time  that  these  two  sig¬ 
nals  have  the  same  voltage,  clamp¬ 
ing  occurs  at  this  voltage,  but  when 
the  cathode  signal  is  made  more 
positive  and  the  anode  signal  is 
made  more  negative  than  this  volt¬ 
age,  the  circuit  is  free  to  follow  the 
main  signal  voltage. 
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Exploded  riew  ehowe  specially  designed  fingers  on  contacting  plunger  of  coaxial  cority  of  Aircraft  Radio  Corp.  for  full  octore 
coTerage  with  6BL6  klystron.  Most  of  the  power  measurements  referred  to  in  text  were  made*using  this  caxity 


easy,  requires  a  tube  having  an  ex¬ 
ternal  demountable  cavity  resona¬ 
tor.  Type  6BL6  was  so  designed. 
Its  disk  seal  structure  makes  possi¬ 
ble  small  physical  dimensions,  rug¬ 
gedness  without  too  much  difficulty 
in  manufacture,  good  power  dissi¬ 
pation  capabilities,  and  ease  of  tube 
replacement  without  need  of  scrap¬ 
ping  expensive  plumbing  each  time 
a  tube  is  changed. 

The  disk  seals  consist  simply  of 
thin  copper  sheets  extending 
through  the  glass  wall  of  the  tube. 
These  copper  disks  are  backed  up 
by  being  spun  over  metal  rings  to 
achieve  mechanical  strength  and  are 


miniature  top  cap  provides  connec¬ 
tion  to  the  reflector  electrode.  The 
heater  coil  is  insulated  from  the 
cathode  in  order  to  avoid  modula¬ 
tion  of  signal  output  by  heater-volt¬ 
age  variation  in  applications  where 
such  modulation  would  be  serious. 
Power  input  to  the  tube  is  of  the 
order  of  14  watts  of  which  approxi¬ 
mately  4.6  watts  is  heater  power.  As 
may  be  seen  from  Fig.  3,  power  out¬ 
put  is  between  100  and  150  mw.  at 
an  efficiency  of  about  1.5  percent. 

A  microwave  oscillator  that  is 
easily  tuned  over  a  broad  frequency 
band,  is  dependable  and  rugged, 
and  in  which  tube  replacement  is 


Most  microwave  devices,  espe¬ 
cially  tubes  for  local  oscilla¬ 
tors  whose  action  depends  upon 
electron  bunching,  operate  over  a 
relatively  narrow  frequency  range. 
Ordinarily  this  condition  is  taken 
as  a  matter  of  fact,  because  equip¬ 
ment  is  generally  intended  for  use 
at  a  single  frequency.  There  are, 
however,  uses  in  which  a  microwave 
local  oscillator  operable  over  a 
wide  band  is  highly  desirable.  The 
type  6BL6  reflex  klystron,  when  as¬ 
sociated  with  a  suitable  cavity 
resonator,  is  such  an  oscillator. 

KlyttroR  DevRiepmeRf 

During  the  war  a  reflex  tube 
(type  SD835)  with  external  cavity 
was  developed  as  illustrated  in  Fig. 
1  for  the  armed  forces.  It  became 
evident  that  this  tube  was  interest¬ 
ing  as  a  general  instrument  and 
after  the  tube  was  declassified  work 
was  continued  in  cooperation  with 
Wright  Field,  Airborne  Instru¬ 
ments  Laboratory  and  Aircraft 
Radio  Corporation,  one  of  the  pri¬ 
mary  objectives  being  a  further  in¬ 
crease  in  operating  bandwidth. 
RMA  type  number  6BL6  was  as¬ 
signed  to  the  tube  shown  as  Fig.  2. 
Electrical  characteristics  of  the 
tube  are  summarized  in  Table  I. 

Overall  length  of  the  tube  is  ap¬ 
proximately  three  inches,  and  the 
largest  diameter  is  one  inch.  Base 
pins,  which  fit  a  standard  four-pin 
cable-connector,  provide  connections 
to  heater  coil,  cathode,  and  beam- 
modulating  electrode  (normally  op¬ 
erated  at  cathode  potential).  A 
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Seven  individually  adiusted  tuning  plungers  in  this  toroidal  cavity  of  Sylvonia 
Electric  Products  for  use  with  the  external  cavity  klystron  cover  from  3.7S  to  4.60  kmc 


ELECTRONICS 


KLYSTRON 


Ten  centimeter  klystron  for  use  with  a  separate  cavity  can  be  tuned  over  a  full  octave 
covering  the  range  from  7  to  14  cm  in  single-mode  operation  and  giving  about  100  milli¬ 
watts  output.  Development  and  characteristics  of  this  tube  and  tunable  cavities  for  use 

with  it  are  described 


gold  plated  to  provide  -  protection 
against  corrosion.  Diameters  of 
the  two  resulting  disk-cylinders  are 
such  that  in  the  single  operation  of 
plugging  a  tube  into  the  coaxial 
cavity,  contact  is  established  to  both  • 
conductors. 

The  depth  to  which  the  tube  can 
be  inserted  into  the  cavity  is  con¬ 
trolled  by  squaring  the  end  of  the 
smaller  disk  and  holding  its  length 
to  specified  dimensions.  If  a 
shoulder  is  provided  inside  the  cen¬ 
ter  cavity  conductor,  tube  insertion 
depth  will  be  controlled  by  contact 
between  this  shoulder  and  the  end 
of  the  disk.  Thus  in  a  given  cavity 
replacement  tubes  will  always  be  in¬ 
serted  a  uniform  amount.  Elec¬ 
trical  contact  to  the  small  disk  is 
made  by  means  of  spring  fingers 
which  slide  over  the  chamfered  edge 
of  the  cylinder  when  the  tube  is  in¬ 
serted  as  in  Fig.  4.  Proper  design 


and  machining  of  these  fingers,  to¬ 
gether  with  the  shoulder  stop  de¬ 
scribed  above,  provide  uniform  con¬ 
tact  for  any  replacement  tube  in  a 
given  cavity.  Electrical  contact  is 
made  to  the  lower  disk  by  a  toroidal 
spring  held  in  a  retaining  groove  in 
the  outer  cavity  wall  and  which 
presses  firmly  against  the  cylinder. 
Spring  pressure  on  the  cylinder  is 
readily  adjusted  by  selection  of  wire 
size  and  pitch  of  the  helix  which 
is  formed  into  a  toroid.  Using  such 
a  spring  contact  allows  compact  cav¬ 
ity  design  and  small  volume  inside 
the  system  when  tuned  for  highest 
frequency  operation  in  a  given  cav¬ 
ity  mode. 

Although  type  6BL6  tube  is  de¬ 
signed  for  use  in  coaxial  types  of 
cavities,  it  can  be  used  to  good  ad¬ 
vantage  in  other  cavities  for  appli¬ 
cations  where  wide  tuning  range  is 
not  necessary.  A  toroidal  cavity 


tuned  by  means  of  radially  adjust¬ 
able  screw  plugs,  will  operate  well 
with  the  toroidal  spring  contact  sys¬ 
tem  applied  to  both  disks. 

In  the  coaxial  cavity  arrangement 
of  Fig.  4,  the  reflector  voltage  lead 
necessarily  comes  through  inside 
the  center  conductor  of  the  cavity, 
requiring  good  insulation.  As  far 
as  the  tube  is  concerned,  insulation 
is  achieved  by  the  long  leakage  path 
over  glass  between  the  top  cap  and 
the  smaller  disk-cylinder  and  by  us¬ 
ing  a  top  cap  whose  diameter  is 
small  compared  to  the  inner  diam¬ 
eter  of  the  center  cavity  conductor. 

Matching  Tnbe  to  Cavity 

Use  of  some  of  the  earlier  tube 
types  disclosed  a  number  of  inter¬ 
esting  factors  which  received  con¬ 
siderable  study;  these  included: 
(1)  the  frequency  range  for  the  2i 
mode  (Mode  numbers  are  desig- 


Retearch  Department 
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FIG.  1 — Devnlopment  oi  wide  range,  external  cavity  klystrons 
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FIG.  6 — Reflector  mode  characteristice.  Theee  characteristics  are  simplified  to  show 
only  the  tube  modes  omitting  a  multiplicity  of  caTity  modes 


fleeter  voltage  of  approximately 
—  130  volts.  For  this  reflector  volt¬ 
age,  the  13  mode  is  approximately 
at  15.8  cm,  the  3|  mode  at  7.5  cm,  the 
43  mode  at  5.7  cm. ...  If  any  one  of 
these  had  corresponded  to  the  wave¬ 
lengths  for  the  cavity  modes,  there 
would  be  the  possibility  of  the  sys¬ 
tem  sustaining  oscillation  in  either 
frequency,  and  thus  mode-jumping 
could  occur.  Because  operation  must 
be  continuous  over  the  band,  care 
had  to  be  taken  that  at  no  point 
would  mode  interference  be  expe¬ 
rienced  ;  this  is  accomplished  in  part 


through  achieving  the  proper  cavity 
match  and  in  part  through  shifting 
the  tube  characteristics  by  adjust¬ 
ment  of  the  internal  parameters. 

To  cover  the  frequency  range, 
the  position  of  the  reflector  was 
varied.  The  required  range  was 
approximately  2.0  to  4.3  kilomegacy- 
cles  (kmc)  and  the  problem  of  ob¬ 
taining  it  was  complicated  by  the 
requirement  of  operating  only  in 
the  23  mode.  The  spacing  was  ad¬ 
justed  to  give  2.0  kmc  with  the  re¬ 
flector  at  about  —35  volts;  this 
value  was  determined  primarily  by 


considerations  of  reflector  current 
tolerable  in  the  application.  The 
first  prototypes  of  the  6BL6  failed 
to  reach  the  higher  frequency,  al¬ 
though  in  a  radial  cavity  they  had 
operated  satisfactorily.  The  exact 
reason  for  this  discrepancy  is  not 
fully  evident.  However,  by  adjust¬ 
ing  the  internal  tube  parameters 
and  the  position,  size,  and  orienta¬ 
tion  of  the  coupling  loop,  the  de¬ 
sired  range  of  operation  in  the  spe¬ 
cial  cavity  was  obtained. 

Another  interesting  instance  in 
which  cavity  and  tube  parameters 
are  almost  inseparable,  in  consider¬ 
ing  characteristics  and  operating 
limits,  is  in  electronic  tuning.  A 
variation  of  reflector  voltage  will 
produce  not  only  a  change  in  power 
output,  but  also  a  variation  in  fre¬ 
quency  even  though  the  cavity  set¬ 
ting  is  fixed.  Figure  7  shows  typical 
electronic  tuning  curves  taken  for 
optimum  loading  (that  it,  with  the 
coupling  adjusted  to  give  maximum 
power  output  at  the  center  points  of 
the  curves) . 

Cavities  for  the  Tebe 

In  the  discussion  so  far,  reference 
has  been  made  particularly  to  a  co¬ 
axial  cavity  with  which  much  of  the 
work  was  done.  This  cavity  was 
chosen  primarily  because  of  an  im¬ 
mediate  application  (a  widerange 
'  superheterodyne  receiver)  requir¬ 
ing  special  mechanical  and  electrical 
design  features.  Here  a  noncontact¬ 
ing  plunger,  which  is  ball  bearing 


Noncontacting  plunger  and  roller  bearings  oi  this  cooxiai  cavity  of  Airborne  Instruments  Laboratory  make  it  capable  of  thousands 

of  complete  tuning  cycles  without  appreciable  wear 
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Discussion  of  cavity  matching  in¬ 
troduces  another  interesting  item: 
that  of  the  interdependence  of  the 
electrical  features  of  the  cavity  and 
the  external  physical  dimensions  of 
the  tube.  The  diameter  of  the  up¬ 
per  disk  determines,  to  a  large  ex¬ 
tent,  the  minimum  diameter  of  the 
inner  conductor  of  a  coaxial  cavity. 
This  disk  diameter  was  so  chosen 
that  a  commercial  size  tubing  could 
be  used  in  cavity  manufacture,  and 
at  the  same  time  this  size  was  con¬ 
venient  to  tube  design  and  manu¬ 
facture.  Because  the  ratio  of  diam¬ 
eters  of  inner  and  outer  conductors 
of  the  cavity  is  fixed  by  electrical 
cavity  desigp'  consideration,  the 
diameter  of  the  outer  conductor  is 
fixed  by  this  choice.  The  diameter 
of  the  lower  disk  cylinder  of  the 
tube  must  then  be  larger  than  the 
upper  disk  cylinder  and  smaller 
than  the  diameter  of  the  outer  cav¬ 
ity  conductor.  One  inch  was  chosen 
for  the  lower  disk  of  this  tube;  it 
fits  the  above  condition  and  at  the 
same  time  is  of  ideal  size  for  the 


ference  and  frequency  jumping  are 
possible. 

The  first  of  these  problems  to  be 
solved  was  that  of  obtaining  a 
proper  match  between  tube  and  cav¬ 
ity.  The  curve  of  an  ideal  resonator 
(that  is,  one  in  which  resonant 
wavelength  plotted  as  a  function  of 
plunger  displacement  is  a  straight 
line  with  a  given  slope)  had  to  be 
closely  duplicated.  The  problem 
was  to  change  the  capacitance  be¬ 
tween  the  two  resonator  grids  and 
electronic  admittance  of  the  tube 
in  such  a  fashion  that  the  tuning 
curve  of  the  cavity-tube  combina¬ 
tion  would  be  essentially  a  straight 
line,  having  the  same  slope  as  the 
curve  for  the  ideal  resonator  alone. 
These  curves,  .obtained  by  Airborne 
Instruments  Laboratory,  are  com¬ 
pared  in  Fig.  5;  the  curve  for  the 
ideal  resonator  has  arbitrarily  been 
shifted  to  the  left.  The  important 
feature  is  that  these  curves  are 
nearly  parallel,  indicating  the  same 
slope. . 

Matching  the  tube  to  the  cavity 
also  reduced  interference  between 
modes.  Part  of  the  mode  interfer¬ 
ence  was  due  to  a  TEi  i  mode  tuning 
curve  intersecting  the  desired  TEM 
mode  near  the  short  wavelength  end 
of  the  band.  Improper  cavity  match 
caused  this  mode  to  move  from  its 
calculated  position  outside  the  de¬ 
sired  band  to  a  point  where*  serious 
difficulty  resulted.  Achieving  proper 
cavity  match  eliminated  this  trou¬ 
ble. 


FIG.  2 — Actual  size  picture  of  6BL6  klyi- 
Iron  for  wider  range  tuning 


nated  as  the  time  in  cycles  during 
which  an  electron  of  average  veloc¬ 
ity  drifts  from  the  grids  toward 
the  reflector  and  back)  of  the  ear¬ 
lier  tubes  was  different  from  that 
required  for  this  application.  (2) 
a  match  between  tube  and  cavity  is 
desirable  (that  is,  the  tuning  curve 
of  wavelength  as  a  function  of  cav¬ 
ity  plunger  displacement  should 
represent  the  tuning  curve  of  an 
ideal  resonator  as  nearly  as  possi¬ 
ble).  Inasmuch  as  the  electrical 
part  of  the  cavity  design  was 
standardized  and  was  based  on  a 
tube  somewhat  different  from  the 
earlier  ones,  the  problem  was  re¬ 
solved  into  one  of  changing  the 
tube  to  match  the  established  cav¬ 
ity.  (3)  It  is  important  to  insure, 
not  only  against  mode  interference 
from  a  higher  order  TE,,i  mode  at 
the  high-frequency  end  of  the 
band,  but  also  against  combinations 
of  cavity  modes  and  reflector  modes 
which  are  such  that  serious  inter- 
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FIG.  5 — Tuning  curre  of  klystron-cayity 
combination 


toroidal  spring  contactor  described 
above. 

Frequency  Moding 

The  second  major  problem  to  be 
solved  was  that  of  frequency-mod- 
ing  or  frequency-jumping.  This 
problem  is  one  of  eliminating  com¬ 
binations  of  cavity  modes  (that  is, 
the  X/4,  3X/4  and  5X/4  . .  .  modes  of 
the  cavity)  for  a  given  plunger 
position,  which  would  combine  with 
reflector  modes,  shown  in  Fig.  6,  of 
the  tube  to  give  interference  and 
frequency-jumping.  Size  considera¬ 
tion  makes  it  desirable  to  operate 
on  the  3X/4  mode  of  the  cavity; 
thus,  if  the  plunger  is  set  for  opera¬ 
tion  at  10  cm,  the  cavity  is  also 
resonant  at  30  cm,  6  cm,  4.3  cm,  3.3 
cm.  To  operate  in  the  2J  reflector 
mode  at  10  cm,  the  tube  has  a  re- 
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FIG.  4 — Special  features  of  cority 


FIG.  3 — Power  output  from  typical  tube 
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A  nonmathematical  solution  is  traced  from  simplified  theory.  Actual  values  of  circuit  ele¬ 
ments  necessary  to'  build  a  power  pack  and  three-tube  control  are  computed.  Practical 
suggestions  are  given  for  physical  layout  and  elimination  of  ripple 
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SIMPLY  stated,  the  action  of  a 
voltage  regulated  power  supply 
is  to  cancel  any  attempted  fluctua¬ 
tion  of  its  output  voltage  whether 
caused  by  input  (line)  change,  or 
output  (load)  change.  One  way  to 
become  familiar  with  the  regulating 
action  of  this  circuit  upon  input 
variations  is  to  trace  the  path  of 
the  supply  ripple.  In  the  usual 
power  supply,  this  disturbance  con¬ 
sists  mainly  of  120-cycle  sine-wave 
a-c,  with  amplitude  from  a  fraction 
of  a  volt  to  several  volts.  Iij  Fig.  1, 
this  voltage  appears  across  points 
A  and  B,  and  produces  a  flow  of  cur¬ 
rent  through  Vi  (whose  initial  ac¬ 
tion  is  that  of  a  diode)  and  /?,.  A 
portion  of  the  voltage  drop  across 
Ri  caused  by  this  current  is  applied 
as  bias  to  the  control  grid  of  the 
amplifier  tube  V,.  Since  F,  holds 
the  cathode  of  F*  at  a  fixed  point 
above  ground,  F,  amplifies  this  var¬ 
iation,  causing  it  to  appear  in  in¬ 
verted  form  across  the  load  resistor 
Rf  Since  Rt  also  serves  as  the  bias 
resistor  for  Fi,  it  produces  through 
Fi  an  inverted  version  of  the  orig¬ 
inal  ripple  current.  Because  this 
and  the  original  ripple  are  approxi¬ 
mately  equal  but  opposite  in  phase, 
cancellation  occurs,  giving  as  the  end 
result  an  almost  ripple-free  output 
across  C  and  B.  A  similar  cancel¬ 
lation  is  produced  by  any  attempted 
fluctuation  of  input  voltage  to  the 
regulator. 

Attempted  output  voltage  changes 
caused  by  load  variations  are  simi- 
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larly  cancelled  because  they,  too, 
are  applied  to  the  grid  of  the  ampli¬ 
fier  tube  F,. 

Expaatioii  of  Simplified  Thoery 

It  was  assumed  above  that  the 
grid  of  V,  is  the  sole  means  of  con¬ 
trol.  That  is,  that  the  change  volt¬ 
age  applied  to  it  by  Ri  is  the  only 
acting  control  voltage,  and  that  the 
grid  of  Ft  is  the  only  point  to  which 
control  voltage  is  applied.  A  com¬ 
plete  analysis  presents  quite  a  dif¬ 
ferent  picture.  Not  only  are  other 
control  voltages  present,  but  they 
are  introduced  at  several  different 
points  in  the  circuit. 

Variations  of  the  unregulated 


supply  voltage  can  act  as  a  control 
source  when  applied  to  any  of  the 
amplifier  tube  elements.  When  the 
screen  of  F,  is  fed  by  a  bleeder  from 
the  unregulated  supply  as  in  Fig.  2, 
the  variations  of  that  supply  volt¬ 
age  appear  across  the  screen-to- 
cathode  impedance  of  V,  and  are 
amplified  by  the  screen  which  acts 
like  a  low-gain  control  grid.  This 
control-effect  produces  across  R,  a 
.voltage  of  the  proper  phase  to  effect 
cancellation  of  the  input  changes, 
but  of  an  amplitude  that  is  nor¬ 
mally  much  greater  than  that 
needed  for  cancellation. 

Similarly  when  F,  is  fed  by  a 
bleeder  from  the  unregulated  sup- 


FIG.  1 — Ftmdemiental  elements  of  a  Toltage-control  designed  to  follow  a  conTentional 
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mounted  making  possible  an  exceed-  fleeter  current  which  can  be  toler-  TABLE  I _ ^Ratings  rmrl 

ingly  large  number  of  tuning  cycles  ated  depends,  to  a  great  extent,  Choracterutics 

without  wear  of  cavity  parts,  is  upon  the  power  supply.  This  toler- 
used ;  contacting  and  tube  position-  ance  established  a  lower  practicable 
ing  design  features  discussed  above  limit  arbitrarily  set  at  1.25  kmc  for 
were  incorporated.  A  second  cavity  the  li  mode  and  1.8  kmc  for  the  2i 
in  which  a  considerable  amount  of  mode.  The  high-frequency  limit 
testing  was  done,  including  most  of  has  been  established  so  far  by  cav- 
the  power  output  measurements,  is  ity  limitations.  Other  factors  which 
similar  in  many  respects  to  the  one  might  affect  this  limit  are  the  maxi- 
previously  discussed  except  that  it  mum  practical  limits  of  voltages 
has  a  contacting-type  of  plunger.  •  which  can  be  applied  to  the  reflec- 
A  third  cavity  used  with  the  tube  tor  and  conditions  such  as  loading, 
is  a  radial  type  having  seven  tuning  which  require  a  lower  value  of  elec- 
lugs,  instead  of  one  plunger,  to  ad-  tronic  admittance  within  the  tube 
just  the  frequency.  By  adjusting  than  is  obtainable, 
these  lugs  in  or  out,  the  cavity  is  The  choice  of  the  2i  mode  re- 
tunable  over  a  wavelength  range  of  suited  from  a  compromise  between 
6.5  to  8.1  cm  rather  than  the  full  power  output  and  stability  of  oper- 
octave  coverage  of  the  other  two  ation.  In  general,  the  higher  order 
cavities.  ,  modes  operate  more  stably,  whereas 

The  low-frequency  limits,  other  the  lower  modes  usually  give  higher 
than  those  imposed  by  inherent  de-  power  output.  Choice  of  the  2i  mode 
sign  features  of  the  cavities,  arise  gives  a  stable  mode  with  good  power 
primarily  from  limitations  of  volt-  output. 

ages  which  can  safely  be  applied  to  Figure  6  shows  the  mode  char- 
the  tube  for  each  reflector  mode,  acteristics  with  a  tube  operating  in 
Typical  mode  characteristics  are  the  Airborne  Instruments  Labora- 
shown  in  Fig.  6.  It  will  be  observed  tory  cavity.  Open  areas  represent 
that  the  curve  for  each  mode  is  ter-  regions  in  which  the  tube  oscillates 
minated  at  a  reflector  voltage  of  with  sufficient  strength  to  give  an 
—25  to  —35  volts;  reflector  current  indication  on  a  crystal  output  me- 
becomes  noticeable  at  less  negative  ter.  The  locus  of  maximum  power 
voltages.  The  magnitude  of  the  re-  for  each  mode  is  a  line  near  the  age  near  the  center  of  the  charac- 

center  of  the  area.  The  power  out-  teristic.  Combining  this  character- 
put  distribution  along  any  ordinate  igtic  with  the  tuning  curve.  Fig.  5, 
across  these  modes  follov/s  the  is  possible  to  design  the  tracking 
curves  of  Fig.  7.  mechanism. 

These  mode  characteristics  serve  Figure  3  shows  power  output  as 
a  very  practical  purpose  other  than  a  function  of  frequency  for  the  2J 
to  present  the  ranges  and  modes  mode.  At  each  frequency,  the  power 
available  from  the  tube.  In  a  wide-  determination  was  made  after  the 
range  local  oscillator,  the  frequency  output  had  been  maximized  by  ad- 
is  changed  continuously  by  moving  justing  the  reflector  voltage  and  the 
the  cavity  plunger.  These  curves  coupling  loop.  Power  output  is  well 
show  the  manner  by  which  reflector  above  100  milliwatts  over  most  of 
voltage  must  be  varied  when  the  the  band.  In  a  similar  fashion,  the 
frequency  is  changed.  As  may  be  power  output  of  the  13  mode  falls 
deduced  from  Fig.  6,  it  usually  is  off  rapidly  only  for  frequencies  be- 
suflicient  to  track  the  reflector  volt-  jow  1.3  kmc. 

FIG.  7 — ^El»ctronic  tuning  of  klystron  In  conclusion,  the  authors  wish  to 

acknowledge,  with  sincere  apprecia¬ 
tion,  the  work  done  at  the  Radio 
Research  Laboratory  at  Harvard 
University,  that  of  Airborne  Instru¬ 
ments  Laboratory,  and  of  Aircraft 
Radio  Corporation  with  reference 
particularly  to  the  solutions  to  the 
cavity  problems,  and  the  work  of 
Dr.  V.  B.  Corey  while  a  member  of 
the  Research  Laboratory,  Sylvania 
Electric  Products,  Inc.,  relative  to 

Frequency  range,  tuning  curve,  and  mode  interference  were  studied  with  this  circuit  this  project. 


RATINGS 

Heater  voltage  ±  8  per 

cent  (a-c  or  d-c) . 

Heater  current . 

Metx  negative  reflector 

voltage . 

Min  negative  reflector 

voltage . 

Max  positive  grid  No.  1 

voltage . 

Max  grid  no.  2  voltage . . 
Max  grid  no.  3  voltage . . 
Max  operating  freq 

15^  mode . 

2%  mode . 

3^  mode . 

Min  operating  freq 

mode . 

2%  mode. .  .t . 

35i  mode. . . 

Max  heater-cathode  volt- 


6.3  volts 
0.65  ampere 

400  volts 


0  volts 
350  volts 
350  volts 

3.3  kmc 
4.8  kmc 
6.0  kmc 

1 . 25  kmc 
1 . 75  kmc 
2 . 2  kmc 

45  volts 


TYPICAL  OPERATION 


Heater  voltage  (a-c  or 

d-c) . 

Heater  current . 

Grid  no.  1  voltage . 

Grid  no.  2  voltage . 

Grid  no.  3  voltage . 

Cathode  current 

(approx) . 

Reflector  voltage . 


Reflector  voltage  at  /  = 
2.14  kmc  {2%  mode). 


6.3  volts 
0.65  ampere 
0  volts 
325  volts 
325  volts 

25  ma 

adjusted  for 
max  power 
output 

—  40  volts 
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the  rectifier  tube,  V.;  the  filter 
choke,  Li;  and  the  power  trans¬ 
former,  Ti.  . 

Tubes  commonly  chosen  for  se¬ 
ries  service  include  2A3,  6A3,  6B4, 
6L6,  6V6,  6Y6,  and  807.  For  our 
supply  the  recently  introduce^ 
6AS7G,  a  twin  triode  expressly  de- 
si^rned  for  this  service  is  chosen. 
Their  extremely  low  plate  resistance 
allows  the  use  of  a  lower  voltage 
drop  across  them,  hence  a  reduced 
high-voltage  winding  on  the  pow’er 
transformer.  The  heater-cathode 
rating  of  =t:300  v  makes  possible 
the  paralleling  of  their  filaments 
with  that  of  the  amplifier  tube.  Only 
two  of  these  tubes  are  needed  be¬ 
cause  of  their  current-carrying 
ability,  with  a  resultant  saving  of 
space. 

A  suitable  filter  choke  will  have 
low  internal  resistance  and  adequate 
current  carrying  capacity.  Induc¬ 
tance  rating  is  of  secondary  impor¬ 
tance.  A  5  to  10  henry  choke  with 
50  to  200  ohms  internal  resistance, 
and  rated  to  carry  at  least  225  ma 
will  be  satisfactory.  The  one  se¬ 
lected  for  this  example  is  rated  at 
5  henries  at  225  ma  with  100  ohms 
d-c  resistance. 

The  rectifier  selection  is  easy,  for 
the  5U4G,  5Z3,  6T4,  and  the  5X4G 
can  all  handle  the  current  and  volt¬ 
age  requirements.  The  5U4G  is 
chosen  because  of  its  general  avail¬ 
ability. 

Selecting  a  Power  Troncformer 

In  the  selection  of  a  power  trans¬ 
former,  we  must  first  determine  the 
voltage  needed  out  of  the  rectifier. 
This  will  consist  of  the  sum  of  the 
voltage  drops  across  the  filter  choke, 
series  tubes,  and  output  load.  The 
use  of  the  following  procedure  is 
necessary  to  determine  that  volt¬ 
age: 

1 —  Inspect  the  characteristic 
curves  of  the  selected  series  tube, 
determine  from  them  the  lowest 
allowable  plate  voltage  for  the  max¬ 
imum  current  specified. 

Example:  Each  side  of  a  6AS7G 
will  deliver  56  ma  at  20  v,  so  2 
6AS7G's  in  parallel  will  provide  the 
required  225  ma  total  current,  in¬ 
cluding  approximately  25  ma  cur¬ 
rent  consumed  internally  by  the 
power  supply. 

2 —  Increase  the  minimum  working 
plate  voltage  by  a  sufficient  margin 


to  allow  for  possible  component  vari¬ 
ations.  This  also  is  necessary  to 
allow  proper  control  of  the  series 
tube,  since  its  bias  must  swing  sym¬ 
metrically  about  a  center  point  and 
never  drop  to  zero. 

Example:  20  v  plus  20  v  margin 
equals  40  v  minimum  operating 
plate  voltage. 

3 —  Next  determine  the  minimum 
voltage  allowable  at  the  plates  of 
the  series  tubes.  This  is  the  highest 
power-pack  d-c  output  voltage  plus 
the  voltage  determined  in  step  2. 
Note  that  this  must  be  delivered  to 
the  plates  of  the  series  tubes  under 
the  condition  of  lowest  allowable' 
line  voltage  and  highest  rated  out¬ 
put  current  of  the  pack. 

Example:  300  v  pack  output  plus 
40  V  from  step  2  =  340  v  delivered 
at  225  ma  total  drain,  and  105  v 
line  input. 

4 —  Add  the  voltage  obtained  in 
step  3  to  the  IR  drop  across  the 
filter  choke  (at  full  225  ma  current) 
to  find  the  voltage  the  rectifier  must 
deliver  at  lowest  line  input. 

Example :  E  =  IR  =  0.225  x  100  = 

22.5  V  choke  drop.  340  v  +  22,5  v  = 

362.5  V  at  225  ma  which  the  recti¬ 
fier  must  supply  at  105  v  line  input. 

5 —  Refer  to  the  characteristic 
curves  of  the  rectifier  selected. 
From  them  find  the  input  voltage 
to  the  rectifier  that  will  produce  the 
output  voltage  determined  in  step 
4.  Be  sure  to  take  into  consideration 
the  type  filter  (choke  or  capacitor 
input)  and  the  size  of  its  compo¬ 
nents. 

Example:  5U4G,  capacitor  input 
filter  using  8af  input  capacitor.  350 
V  a-c  rms  in,  equals  the  required 

362.5  V  out  at  225  ma. 

6 —  Calculate  the  highest  a-c  in¬ 
put  voltage  to  the  rectifier  that  will 


result  when  the  line  input  voltage 
is  increased  to  its  upper  limit. 

Example:  Voltage  ratio  of  the 
power  transformer  equals  362.5/105 
or  3.33.  125  v  x  3.33  =  416  v  a-c 
out. 

7 —  Again  refer  to  the  rectifier 
tube  curves.  Determine  the  d-c  volt¬ 
age  out  of  the  rectifier  for  the  a-c 
voltage  into  it  calculated  in  step  6. 

Example:  416  v  in  =  435  v  d-c 
out  (at  225  ma  drain). 

8 —  See  what  the  maximum  watt¬ 
age  dissipation  in  the  .series  tube 
will  be,  under  the  worst  operating 
conditions ;  that  is  at  maximum 
current  drain,  maximum  line  input 
voltage  and  lowest  d-c  output  volt¬ 
age. 

Example:  435  v  —  22.5  v  choke 
drop  =  412.5  v  applied  to  the  series 
tubes.  This,  minus  250  v  (the  low¬ 
est  output  voltage)  =  162.5  v  across 
the  serie's  tubes.  Therefore,  since 
W  =  El,  162.5  V  X  0.225  amp  =  37 
w  total  dissipation. 

9 —  Using  the  maximum  a-c  input 
voltage  to  the  rectifier  (determined 
in  step  6),  and  the  minimum  cur¬ 
rent  drain  (set  by  the  limits),  in¬ 
spect  the  rectifier  tube  characteris¬ 
tics  and  find  the  d-c  output  voltage 
for  these  conditions. 

Example:  5U4G,  416  v  a-c,  100 
ma  tot«l  drain;  the  d-c  out  of  the 
rectifier  is  500  v. 

This  voltage,  minus  the  lowest  pack 
d-c  output  voltage  set  by  the  limits, 
is  the  maximum  voltage  that  will 
appear  across  the  series  tubes. 

Example:  500  v  —10  —250  v 
equals  240  v  maximum  across  the 
paralleled  6AS7Gs. 

10 — If  the  ratings  of  the  series 
tubes  (maximum  wattage  and  plate 
voltage)  are  not  exceeded  under 
the  conditions  imposed  by  the 


FIG.  3 — Sniyply  MCtion  o!  a  Toltog*-r*gulat*d  power  unit  with  the  eeries  tube 
>'  inserted  to  illustrate  its  action 
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to  list  the  actual  demands  to  be 
made  on  it.  Instantaneous  peak 
current  demand  (as  distinguished 
from  maximum  average  current  de¬ 
mand)  is  probably  first  in  impor¬ 
tance.  These  supplies  are  not  reser¬ 
voirs,  hence  lose  both  control  and 
effectiveness  when  subjected  to  any 
instantaneous  load  even  slightly  be¬ 
yond  their  rated  capacity.  The  fre¬ 
quency  of  demand  is  unimportant, 
however,  if  it  lies  below  approxi¬ 
mately  20,000  cycles  per  second. 
Above  this  frequency  the  effective 
impedance  of  the  supply  increases 
rapidly  because  of  the  inability  of 
tube  y,  in  the  amplifier  cathode  cir¬ 
cuit  to  regulate.  A  rise  in  supply 
impedance  can  be  counteracted  by 
shunting  a  paper  capacitor  of  1  or 
2  microfarads  across  the  regulated 
output.  When  this  capacitor  is  in¬ 
cluded,  the  supply  can  be  used  to 
feed  equipment  calling  for  micro¬ 
second  pulses  of  high  amplitude. 

Selection  of  the  output  voltage 
to  be  provided  is  also  important. 
To  reduce  the  cost  of  components, 
an  output  range  of  250  to  800  v  is 
favored,  when  that  is  adequate  for 
the  equipment  being  fed.  Higher 
output  voltages  are  easily  produced, 
but  require  more  expensive  com¬ 
ponents.  A  wide  range  of  output 
voltage  adjustment  should  also  be 
avoided  unless  there  is  a  specific 
need  for  it.  The  usual  dependabil¬ 
ity  of  domestic  supply  lines  makes 
it  unnecessary  to  provide  against 
large  line  voltage  changes. 


20L000 


INPUT 


EFFECTIVE 

IHPEDANCE 

APPROXIHATELY 


FIG.  2 — A  Toltog^-control  drcnit  in  which  MTerol  elements  of  the  control  tube  ore 
fed  from  the  unregulated  input 


(Original  ex¬ 
cursion)  minus 
(portion-  ap¬ 
plied  to  screen 
times  screen 

gain) _ 

Gain  of  ampli¬ 
fier  stage 


ply,  a  portion  of  the  variation  in 
that  supply  appears  across  V„  which 
forms  the  cathode  circuit  of  F*. 

Hence  V,  has  impressed  on  its  cath¬ 
ode  (in  series  with  its  grid  return) 
a  portion  of  the  input  change.  The 
amplitude  of  these  changes  depends 
on  the  effective  impedance,  of  V», 

-which  is  usually  from  about  200  to 
1,000  ohms.  The  effect  of  these 
changes  opposes  that  caused  by  the 
grid  and  screen  controls. 

The  impedance  of  V,  also  causes 
the  introduction  of  another  voltage 
into  the  grid  return  of  Vf  This 
additional  control  voltage,  resulting 
from  variations  of  the  plate  and 
screen  current  of  V*,  acts  degener- 
atively  to  reduce  the  gain  of  Vt.  Resultant  fluctua¬ 
tion  of  the  supply 

Evaluotioa  of  Control  Factors  output 

The  effectiveness  of  the  control 
action  of  the  grid  may  be  expressed  ^ 
in  its  simplest  form  as 

Choico  of  Ratings 

In  the  average  power  supply,  the 
grid,  in  spite  of  the  other  controls, 
is  able  to  reduce  any  ripple  pre¬ 
sented  to  it  to  a  value  comparable 
to  that  existing  on  the  cathode. 
This  is  true  even  though  the  screen 
overcompensates  in  the  usual  vase. 
The  value  existing  on  the  cathode 
will  vary  widely  when  different  Vs’s 
of  the  same  type  are  substituted  in 
the  same  chassis.  Conventional  de¬ 
sign  for  a  supply  furnishing  an  out¬ 
put  of  250  to  300  volts  d-c  produces 
a  ripple  content  of  approximately 
The  composite  output  fluctuation,  0.04  v  rms.  The  d-c  regulation  is 
resulting  from  both  grid  and  screen  usually  maintained  within  about  ±2 
control  may  be  found  by  consider-  volts. 

ing  the  result  obtained  from  Eq.  2  Before  designing  any  regulated 
as  the  attempted  excursion  in  Eq.  1.  supply,  it  is  of  prime  importance 


Resultant  fluctua¬ 
tion  of  the  supply 
output 


For  the  moment,  let  us  assume 
that  the  resultant  fluctuation  in  Eq. 
3  equals  zero.  In  this  event,  the  final 
fluctuation  on  the  output  is  equal 
to  that  value  which  produces  at  the 
grid  of  Vt  an  exact  duplicate  of  the 
voltage  present  on  the  cathode. 


Voltage  on  out¬ 
put  which  pro¬ 
duces  at  the 
grid  of  V,  a 
change  voltage 
duplicat- 
ing  that  on  the 
cathode.  i 


Design  of  Supply  Section 

For  design  purposes,  supply  and 
control  circuits  can  be  considered 
separately.  The  supply  portion,  as 
considered  here,  consists  of  the  com¬ 
ponents  shown  in  Fig.  3.  This  cir¬ 
cuit  differs  from  an  ordinary  un¬ 
regulated  power,  supply  only  in  the 
addition  of  F„  which  may  for  the 
moment  be  considered  as  a  variable 
series  resistance  introduced  for  con¬ 
trol  purposes. 

To  illustrate  design  procedure  a 
set  of  requirement  limits  has  been 
chosen  based  on  commercial  ratings 
for  supply  components. 

The  limits  decided  on  are:  out¬ 
put  voltage,  250-300  v;  output  cur¬ 
rent  range  75-200  ma;  power  line 
fluctuations  of  ±10  percent. 

On  the  basis  of  these  limits  we 
may  now  choose  the  series  tube,  V,; 


Attempted  ex¬ 
cursion 


Resultant  fluctua¬ 
tion  of  the  supply 
output 


Gain  of  the 
amplifier  stage  (1) 

The  effect  of  the  screen  control, 
in  the  absence  of  grid  control,  may 
be  stated  as 


Difference  be¬ 
tween  (a)  [at¬ 
tempted  fluctu¬ 
ation]  and  (b) 
[portion  ap¬ 
plied  to  screen 
times  screen 
gain]  I 


Resultant  fluctua¬ 
tion  of  the  supply 
output 
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bleeder  value  will  be  approximately 
0.26  megohm. 

The  necessary  resistance  values 
for  Rt,  Rt,  and  Ri  will  vary  with 
the  regulated  output  voltage  of 
the  pack,  and  while  they  could  be 
computed,  a  simpler  method  for ‘de¬ 
termination  is  available.  Substitute 
a  0.25  megohm  potentiometer  for  Ru 
With  the  pack  operating,  adjust  the 
potentiometer  to  obtain  a  pack  out¬ 
put  voltage  approximately  10  per¬ 
cent  higher  than  the  highest  desired 
output  voltage.  Disconnect  the  po¬ 
tentiometer,  and  record  the  resist¬ 
ance  from  arm  to  positive  end.  Re¬ 
connect  the  potentiometer  and  set 
the  pack  in  operation.  Readjust  it 
to  give  an  output  voltage  10  percent 
lower  than  the  lowest  desired  output 
voltage.  Again  disconnect,  and  re¬ 
cord  the  resistance  from  the  arm  to 
minus  end.  You  now  know  the  val¬ 
ues  of  Ri,  R»,  and  R^  that  will  pro¬ 
duce  the  desired  range.  To  make 
the  resultant  values  of  R^,  and 
Rj  fall  on  commercial  resistance  val¬ 
ues,  the  total  bleeder  resistance  Ri 
may  be  adjusted  upwards  or  down¬ 
wards  by  a  factor  of  plus  or  minus 
26  percent. 

Example:  Rs,  120,000  ohms;  R», 
50,000  ohms;  and  R,,  82,000  ohms 
for  an  approximate  output  range  of 
220  to  330  v  for  this  particular 
supply. 

The  grid  coupling  capacitor,  Ci, 
which  presents  a  low  impedance 
path  to  the  grid  for  attempted  high 
and  medium  frequency  changes  in 
the  output,  is  usually  about  0.25[if. 
Larger  values,  while  transferring 
more  of  the  low  (ripple)  frequency 
variations  to  the  grid,  may  cause 
undesirable  effects  due  to  time  lag 
in  their  transmission. 

Design  for  Minimum  Rippie 

A  ripple  voltage  of  0.02  to  0.05  v 
rms  in  the  output  of  a  standard 
voltage-regulated  power  supply  is 
usually  satisfactorily  low.  If 
troublesome,  it  may  often  be  re¬ 
duced  by  carefully  selecting  tube  V, 
that  is  used  as  voltage  reference, 
particularly  when  the  screen  and  Y, 
bleeder  are  connected  to  the  unreg¬ 
ulated  supply  voltage. 

If  unusually  low  ripple  must  be 
obtained,  the  circuit  modification 
shown  in  Fig.  5  can  be  used.  Anal¬ 
ysis  of  the  operation  of  this  cir¬ 
cuit  will  show  that  the  degree  of 


ripple  reduction  is  not  limited  by 
the  amplifier  gain  but  may  be  made 
practically  infinite.  This  effect  is 
accomplished  by  feeding  the  screen 
of  the  amplifier  tube  Y*  a  controlled 
amount  of  the  input  ripple.  The 
screen,  acting  as  a  low-gain  control 
grid,  produces  across  the  series  tube 
a  voltage  equal  to  the  original  rip¬ 
ple  but  of  opposite  phase.  Control  of 
the  amount  of  ripple  fed  to  the 
screen  grid  is  performed  by  the  0.5 
megohm  potentiometer. 

The  most  satisfactory  degree  of 
ripple  cancellation  can  be  assured 
by  placing  the  pack  in  operation 
with  its  actual  load  and  an  oscillo-  • 
scope  connected  across  the  output. 
After  all  other  adjustments  have 
been  made,  the  ripple  can  be  can¬ 
celled  by  adjusting  the  potentiom¬ 
eter. 

The  degree  of  ripple  cancellation 
does  not  depend  on  the  amount  of 
ripple  present,  and  almost  complete 
cancellation  can  usually  be  effected 
with  ripple  inputs  of  50  v  or  less. 
One  of  the  supply  modifications  this 
suggests  is  the  reduction  of  the 
filter  components  to  a  single  capaci¬ 
tor  following  the  rectifier.  Power- 
pack  output  ripple  of  0.002  v  or  less 
can  be  obtained  under  these  condi¬ 
tions.  When  a  normal  filter  is  used, 
the  residual  ripple  may  be  too  small 
to  be  observed  on  a  sensitive  oscil¬ 
loscope. 

Optimum  Regulation 

Variations  in  output  voltage  ow¬ 
ing  to  changing  load  will  be  mini¬ 
mized  by  the  use  of  a  low’  impe¬ 
dance  supply  to  the  series  tube.  The 
use  of  a  mercury-vapor  type  recti¬ 
fier  will  often  give  the  greatest  im¬ 
provement  in  that  respect. 

Any  means  of  increasing  the  ef¬ 
fective  gain  of  the  amplifier  stage 
will  also  improve  the  regulation. 
Three  schemes  advanced  for  this 
purpose  include:  substitution  of  a 
constant  voltage  device  (such  as 
neon  lamps,  VR  tubes,  or  batteries) 
for  the  portion  of  the  amplifier  grid 
bleeder  between  the  grid  and  regu¬ 
lated  B-I-;  substitution  of  a  con¬ 
stant  current  device  (such  as  a 
pentode  tube  or  inductance)  for  the 
portion  of  the  amplifier  grid  bleeder 
between'  grid  and  B— ;  the  use  of  a 
multiple  stage  amplifier. 

Another  method  of  improving 
regulation  is  tp  connect  the  screen 


of  the  amplifier  tube  to  a  bleeder 
from  unregulated  B-1-. 

Physical  Arraagamoot 

Layout  of  the  supply  portion  fol¬ 
lows  the  established  rules  for  power 
supplies.  To  avoid  hum  pickup  by 
the  control  section  it  is  desirable  to 
place  the  entire  supply  section  at 
one  end  of  the  chassis.  Thus,  no  a-c 
wiring  but  that  for  the  filaments 
need  be  close  to  the  sensitive  con¬ 
trol  circuits; 

The  series  tube  placement  re¬ 
quires  consideration  of  the  problem 
of  heat  elimination.  Nearly  a  fourth 
of  the  total  power  consumed  by  the 
entire  supply  is  dissipated  by  the 
series  tubes  under  some  conditions 
of  operation. 

The  control  portion  is  more  de¬ 
manding  in  its  placement  and  wir¬ 
ing  needs.  To  realize  full  benefits 
from  a  supply  of  this  type,  hum 
pickup  on  the  amplifier  tube  wiring 
must  be  eliminated.  All  wires  to  the 
grid  of  the  amplifier  should  be 
short,  and  capacitance  between 
them  and  other  wires  or  chassis  re¬ 
duced  to  a  minimum.  The  capacitor 
between  the  amplifier  grid  and  reg¬ 
ulated  B-f  should  be  mounted  away 
from  the  chassis  to  avoid  unwanted 
capacitance  to  ground.  The  voltage 
adj ustingpotentiometer  should  pref¬ 
erably  be  located  on  the  chassis 
adjacent  to  the  amplifier  tube 
socket.  If  panel  control  is  required 
a  shaft  extension  is  preferable  to 
locating  it  on  the  panel.  Hum  pick¬ 
up  from  60  cycles  on  long  leads  to 
this  control  is  often  difficult  to 
eliminate.  A  safe  rule  to  follow  is 
to  consider  the  amplifier  tube  as  an 
r-f  amplifier,  and  to  use  appropriate 
wiring  precautions. 

An  oscilloscope  is  the  only  satis¬ 
factory  means  of  observing  the  mi¬ 
nute  fluctuations  present  on  the  out¬ 
put  of  a  voltage-regulated  power 
supply.  It  is  also  extremely  useful 
for  trouble  shooting  as  well  as  for 
measuring  the  variations  present. 
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limits,  we  may  now  easily  determine 
the  nominal  voltage  of  the  a-c  high 
voltage  winding  on  the  power  trans¬ 
former,  by  multiplying  its  voltage 
ratio  by  the  nominal  line  voltage. 

Example:  3.33  x  115  =  383 — 
so  a  rating  of  380  v  would  be  satis¬ 
factory. 

Additional  design  considerations 
for  the  supply  section  stipulate  rec¬ 
tifier  tubes  having  good  regulation 
(low  internal  voltage  drop).  If  a 
capacitor  input  filter  is  used,  the 
input  capacitance  should  be  at  least 
8ttf.  When  a  choke  input  filter  is 
used  a  swinging  choke  is  advisable 
following  the  rectifier  tube. 

S«ri*s  Tab*  Cireait  D*«iga 

-  Standard  practice  dictates  the 
use  of  supressors  in  control  grid 
and  plate  circuits  (screens,  too,  if 
used)  when  series  tubes  are  par¬ 
alleled  for  greater  current  capacity. 
Their  elimination  would  result  in 
highly  unstable  or  erratic  operation. 
It  is  preferable  that  these  supres¬ 
sors  be  mounted  with  one  end  di¬ 
rectly  supported  by  the  tube  socket 
lug  to  which  it  connects.  Resist¬ 
ance  values  of  50  ohms  for  the  plate, 
and  100  ohms  for  the  grid  and 
screen  are  satisfactory. 

l>*tigR  of  Ceatrol  SectioN 

The  control  circuit  shown  in  Fig. 
4  is  typical.  A  sharp-cutoff  pentode 
is  more  suitable  than  a  remote-cut¬ 
off  pentode  for  use  as  the  amplifier 
V,.  Its  lower  plate  current  allows  the 
use  of  a  high  value  of  plate  load  re¬ 
sistance  Rt,  resulting  in  higher 
gain  and  less  degeneration.  The 
highest  gain  of  the  amplifier  will 
be  obtained  when  Rj  approaches  the 
plate  resistance  of  the  amplifier 
tube.  This  suggests  a  value  for  i?, 
of  from  0.5  to  1  megohm. 


The  voltage  reference  source  is 
usually  a  cold-cathode,  tube  of  the 
VR  type,  although  batteries  or  a 
neon  bulb  could  be  used.  Tubes  are 
preferred  because  of  their  long  life 
and  low  effective  impedance.  High 
impedances  at  Vi  will  cause  an  in¬ 
creased  ripple  output,  as  well  as 
poorer  regulation  because  of  in¬ 
creased  degeneration  in  the  ampli¬ 
fier  stage.  Impedances  presented  by 
tubes  of  the  VR  tyi>e  approximate 
200  to  1,000  ohms. 

Selection  of  the  specific  tube  for 
any  given  application  depends  on 
fulfilling  the  following  require¬ 
ments  : 

1 —  ^The  amplifier  tube  Vt  must  be 
provided  with  adequate  plate  volt¬ 
age  over  the  entire  range  of  opera¬ 
tion. 

Example:  (based  on  the  limits 
used  for  computation  in  the  supply 
section:  250  to  300  v  at  75  to  200 
ma  external  drain  over  105  to  125  v 
line  input.) 

The  amplifier  plate  voltage  will 
be  lowest  with  highest  line  and  low¬ 
est  output  voltage  and  current— 125 
V  line,  75  ma  external  drain  at  250 
v  output.  Reference  to  step  9  in  the 
supply  section  shows  240  v  across 
the  6AS7G’s  under  this  condition. 
Inspection  of  the  characteristic 
curves  for  the  6AS7G  shows  that 
130  V  bias  will  be  required  to  limit 
the  current  through  each  section  to 
25  ma  (i  of  the  100  ma  total).  The 
voltage  between  the  amplifier  plate 
and  ground  is  the  output  voltage  of 
the  supply  250  v,  minus  the  bias 
voltage  for  Fj  130  v;  or  120  v.  A 
small  voltage  must  be  maintained 
between  plate  and  cathode  of  the 
amplifier  tube  F*. 

2 —  The  grid  of  the  amplifier  tube 
Ft  should  receive  as  large  a  percent¬ 
age  as  possible  of  the  total  fluctua¬ 


tion  present  on  the  output.  Hence 
the  highest  voltage  VR  tube  allow¬ 
able  by  step  1  should  be  u&ed. 

Example:  A  type  OC3/VR105  is 
indicated  here. 

The  bleeder  consisting  of  R,  and 
R*  must  supply  Ft  at  least  8  ma 
of  current,  and  must  maintain  the 
screen  of  Ft  at  a  suitable  voltage 
above  its  cathode. 

Example:  Lowest  unregulated  d-c 
is  approximately  340  v  (at  105  v 
line  input  and  225  ma  total  drain), 
therefore  the  total  resistance  R* 
plus  R,  will  be :  (340-105)  /0.008  = 
235/0.008  =  30,000  ohms. 

The  section  between  the  screen 
of  F,  and  its  cathode  (plate  of  Ft) 
must  have  a  drop  of  approximately 
60  V  for  adequate  screen  supply. 
Thus  R*  will  be:  60/0.008  =  7,500 
ohms.  This  gives  suitable  values  of 
Rj  and  R«  as  22,500  ohms  and  7,500 
ohms  respectively.  Wattage  ratings 
of  Rj  and  R,  must  allow  for  the  con¬ 
dition  of  highest  unregulated  sup¬ 
ply  voltage  (500  v  as  determined  in 
step  9  of  supply).  Therefore  500— 
105/30,000  =  approximately  13  ma. 
Wattage  dissipated  in  R,  =  0.013 
X  0.013  X  22,500  =  3.8  watts. 
Therefore  R,  requires  a  5  watt  re¬ 
sistor.  Similarly,  R,  calls  fpr  a  2 
watt  rating.  Screen  current  has 
been  neglected  as  negligible  in  these 
computations. 

The  amplifier  grid  bleeder  con¬ 
sisting  of  R„  R„  and  R,  can  be  de¬ 
termined  as  follows:  Its  total  re¬ 
sistance  R,  should  be  sufficient  to 
allow  the  conservative  use  of  small 
fixed  carbon  resistors  at  R»  and  R-., 
and  a  standard  potentiometer  at  R,. 
How'ever,  if  excessively  high  values 
are  used,  F,  exhibits  troublesome 
hum  pickup  from  its  grid  wiring. 

,  Example:  If  300  v  is  the  maxi¬ 
mum  pack  output,  a  total  suitable 


FIG.  4 — Control  ■•ction  of  a  regulated  supply.  The  text  de> 
Bcribee  the  ealuea  and  reasons  for  selecting  them 


FIG.  5 — ^Modification  of  the  fundamental  regulating  circuit  for 
extremely  low  ripple  is  shown  by  the  heary  circuit  lines 
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IMPEDANCE 

A  slotted  line,  used  in  conjunction  with  a  variable-reactance  line  that  balances  out  reac¬ 
tive  impedances,  is  readily  adapted  to  measurements  of  impedance,  antenna  phasing,  and 
directivity  comparisons.  Equipment  for  unbalanced  and  balanced  loads  are  described 


Radio-frequency  measurement 
in  the  two  lower  television 
and  frequency-modulation  bands 
cannot  be  conveniently  made 
using  the  equipment  and  techniques 
of  either  the  lower-frequency  bands 
or  the  microwave  region.  However, 
in  this  region  from  44  to  216  mega¬ 
cycles  the  slotted  transmission  line 
is  a  simple  device  for  measuring 
impedances,  especially  if  it  is  used 
somewhat  differently  than  it  is  nor¬ 
mally  used  in  the  microwave  region. 

Accaracy  of  SfoRdiag  Wave 
Measeremeats 

A  slotted  line  is  most  accurate 
when  used  in  measuring  imped¬ 
ances  that  are  of  the  same  order  of 
magnitude  as  the  characteristic  im¬ 
pedance  of  the  line  itself.  For  im¬ 
pedances  greatly  different  from  that 
of  the  line,  the  attenuation  of  the 
transmission  line,  if  any,  connect-" 
ing  the  slotted  line  to  the  imped¬ 
ance  being  measured  comes  into  the 
picture.  This  necessitates  cumber¬ 
some  corrections.  Fortunately,  at 
these  frequencies  coaxial  cable  is 
available  that  has  sufficiently  low 
attenuation  so  that  several  feet  of 
it  can  be  connected  between  the 
slotted  line  and  the  unknown  im¬ 
pedance  without  necessitating  cor¬ 
rection  for  impedances  that  cause 
standing- wave  ratios  (swr)  up 
to  15  to  one,  and  still  give  reason¬ 
able  accuracy. 

Attenuation  in  the  slotted  line  it¬ 
self  also  causes  errors  in  measure¬ 
ment.  These  errors  normally  ap¬ 
pear  as  errors  in  the  measured 
swr  and  in  the  position  of  a  volt¬ 
age  or  current  minimum  as  meas¬ 
ured  with  respect  to  some  refer¬ 
ence  point,  such  as  the  point  at 
which  the  unknown  impedance  is 
connected.  A  small  percentage  error 
in  determining  the  position  of  the 
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minimum  can  cause  an  extremely 
high  percentage  error  in  the  meas¬ 
ured  impedance  for  impedances 
causing  high  swr  on  the  measur¬ 
ing  line. 

As  an  example,  if  an  impedance 
of  100  -f-  j300  ohms  is  to  be  meas¬ 
ured  on  a  50-ohm  slotted  line,  a  2- 
percent  error  in  swr  can  give  a 
10-percent  error  in  resistance  and 
a  3-percent  error  in  reactance.  An 
error  of  2  percent  of  a  half  wave¬ 
length  in  determining  the  position 
of  a  voltage  or  current  minimum, 
however,  can  cause  a  150-percenii 
error  in  resistance  and  a  43-percent 
error  in  reactance. 

Impedane*  Meaiariag  Eqaipment 

Figure  1  shows  an  equipment  ar¬ 
rangement  for  measuring  imped¬ 
ance  by  means  of  two  swr  meas¬ 
urements  and  no  position  measure¬ 


ment.  A  sleeve  is  placed  around  the 
coaxial  cable  connecting  the  un¬ 
known  impedance  to  the  slotted  line. 
The  distance  from  the  load  end  of 
this  sleeve  to  the  point  where  it 
is  shorted  to  the  outside  of  the  co¬ 
axial  cable  is  movable  by  means  of 
a  sliding  plunger.  This  sleeve 
forms  the  outside  conductor  of  a 
second  coaxial  line,  which  has  as  its 
inner  conductor  the  outside  conduc¬ 
tor  of  the  coaxial  line  leading  from 
the  load  to  the  slotted  line.  This 
second  larger  coaxial  line  is  shorted 
by  the  plunger  at  one  end  and  has 
its  other  end  connected  in  series 
with  the  outer  conductor  of  the  co¬ 
axial  line  leading  to  the  slotted  line 
and  the  Unknown  impedance.  By 
varying  the  position  of  the  sliding 
plunger  the  reactance  introduced  by 
the  shorted  line  can  be  varied 
through  all  values  both  positive  and 
negative,  limited  only  by  the  Q  of 
the  line. 

By  sliding  the  plunger  until  the 
minimum  swr  is  obtained,  the  re¬ 
actance  of  the  unknown  impedance 


FIG.  1 — Baiic  meaguring  connection  includet  glotted  line  connecled  to  load  through 
gpeciolly-constructed  variable-reactance  line 
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will  be  tuned  out.  The  swr  with 
this  tuning  then  indicates  the  re¬ 
sistive  component  of  the  unknown 
impedance  by  itself.  The  value  of 
this  resistance  is  the  characteris¬ 
tic  impedance  of  the  slotted  line 
either  multiplied  or  divided  by  the 
swr,  depending  upon  whether  the 
resistive  component  of  the  unknown 
impedance  is  larger  or  smaller 
than  the  characteristic  impedance 
of  the  slotted  line. 

ClMcliiiiQ  Conditions 

To  check  which  of  these  two  con¬ 
ditions  exists,  it  is  only  necessary 
to  short-circuit  the  inner  coaxial 
cable  at  the  load  and  note  the  posi¬ 
tion  of  the  minimum  on  the  slotted 
line.  If  the  position  is  the  same  as 
it  was  before  the  short  was  made 
but  after  the  plunger  had  been  ad¬ 
justed  for  minimum  standing  wave 
ratio,  the  resistance  of  the  load  is 
on  the  same  side  of  the  characteris¬ 
tic  impedance  of  the  slotted  line 
that  a  short  circuit  is,  namely  lower, 
so  that  a  division  must  be  per¬ 
formed  to  get  the  value  of  the  re¬ 
sistance.  If  the  minimum  with  the 
short-circuit  in  place  is  90  degrees 
away,  the  resistance  is  higher  than 
the  characteristic  impedance  of  the 
line  and  a  multiplication  must  be 
performed  to  obtain  the  value  of 
the  resistance. 

Reduction  of  Data 

In  order  to  get  the  reactance,  it 
is  necessary  to  refer  to  one  of  the 
various  transmission  line  charts, 
such  as  the  Smith  chart,  which  are 
plotted  in  a  variety  of  handbooks 
and  periodicals.  Although  these 
charts  appear  in  several  different 
forms  and  look  quite  different  they 
are  just  different  conformal  trans¬ 
formations  of  the  same  relation¬ 
ships  between  voltages  and  currents 


at  different  points  of  a  transmis¬ 
sion  line,  and  contain  the  same  in¬ 
formation. 

Figure  2  shows  a  form  of  trans¬ 
mission  line  chart  in  which  the  hor-’ 
izontal  axis  represents  resistance 
and  the  vertical  axis  represents  re¬ 
actance.  The  two  circles  shown 
represent  points  of  constant  swr 
which  degenerate  into  a  point  at 
Zo  when  the  swr  ratio  is  unity. 

In  the  measurement  just  de¬ 
scribed,  the  smaller  circle  corre¬ 
sponds  to  the  swr  measured  with 
the  reactance  of  the  unknown 


FIG.  2 — Circle  diagram  is  used  to  obtain 
reactance  from  two  standing-woTe  ratio 
measurements,  or  equations  con  be  used 


tuned  out.  One  of  the  two  points  at 
which  this  circle  crosses  the  real 
axis  represents  the  resistive  com¬ 
ponent  of  the  unknown  impedance. 
By  projecting  vertically  upward  or 
downward  from  this  point  until  the 
larger  circle,  which  corresponds  to 
the  swr  of  the  unknown  imped¬ 
ance  with  its  reactance  not  tuned 
out,  is  reached,  the  point  on  the 
complex  plane  representing  the  un¬ 
known  impedance  is  obtained.  The 
vertical  distance  from  the  real  axis 
gives  the  reactance  of  the  unknown. 

As  there  is  a  question  as  to 
whether  to  go  upward  or  down¬ 


FIG.  3 — The  method  of  Fig.  1  can  be  used 
to  measure  unbalanced  antennas -by  feed* 
ing  energy  to  the  system  by  radiation  to 
the  antenna  (A).  Balanced  impedances  con 
be  measured  using  a  double-section  Tari* 
able  reactance  line  (B) 

ward,  or  what  is  the  same  thing, 
whether  the  sign  of  the  unknown 
reactance  is  positive  or  negative, 
the  rough  position  of  the  plunger 
must  be  noted.  If  this  plunger  is 
less  than  a  quarter  wavelength  from 
the  load  end  of  its  line  an  inductive 
reactance  is  being  used  to  tune  out 
the  reactance  of  the  unknown,  so 
the  unknown  reactance  must  be 
negative.  If  the  plunger  is  more 
than  a  quarter  wave  but  less  than 
a  half  wave  from  the  open  end,  the 
unknown  reactance  is  positive.  For 
making  this  check  on  sign  as  well  as 
for  other  uses  of  this  variable- 
length  coaxial  line,  it  is  convenient 
to  place  callibration  marks  along 
the  line,  labeling  the  frequencies  at 
which  different  plunger  positions 
are  a  quarter  wavelength  from  the 
end  of  the  line. 

Seqaence  of  Measurement 

Summarizing  the  above,  the  pro¬ 
cedure  to  follow  in  a  measurement 
is  to: 

(1)  Short-circuit  the  variable- 
length  transmission  line  and  meas¬ 
ure  the  swr  of  the  unknown. 

(2)  Also  short-circuit  the  un- 


ELECTRONICS  — Jii/y,  f947 


125 


known  and  find  the  position  of  a 
minimum  on  the  slotted  line. 

(3)  Remove  both  of  the  above 
short  circuits  and  adjust  the 
plunger  until  the  minimum  of  the 
slotted  line  is  either  at  the  same 
point  as  it  was  in  step  2,  or  if  this 
is  impossible,  until  it  is  90  degrees 
away  on  the  slotted  line.  In  the 
latter  case  there  will  be  two  posi¬ 
tions  of  the  plunger  that  will  give 
a  minimum.  One  of  these  two  mini- 
mums  is  much  lower  than  the  other 
and  occurs  with  the  plunger  at  a 
quarter  wave  point,  at  which  posi¬ 
tion  it  is  throwing  a  parallel  reso¬ 
nant  circuit  in  series  with  the  un¬ 
known,  essentially  open-circuiting 
it.  The  other  plunger  position  giv¬ 
ing  a  minimum  should  be  used. 

•  (4)  Take  the  standing  wave 
ratio. 

(5)  Determine  the  resistive  com¬ 
ponent  of  the  unknown,  which  is 
the  characteristic  impedance  of  the 
slotted  line  either  multiplied  or  di¬ 
vided  by  the  standing  wave  ratio 
of  step  4  depending  upon  the  po¬ 
sition  of  the  minimum  of  step  3. 

(6)  Determine  the  reactance  of 
the  unknown  from  a  transmission 
line  chart,  using  the  knowledge  of 
the  resistive  component  and  swr 
of  the  unknown  impedance,  or  de¬ 
termine  it  from  the  formula  of  Fig. 
2  which  is  derived  from  the  geom¬ 
etry  of  the  circle  diagram. 

(7)  Note  the  sign  of  the  reac¬ 
tance  from  the  position  of  the 
plunger  in  step  3. 


SIGNAL  GENERATOR 
WITH  ATTENUATOR 


PICKUP  PROBE 


LINE  BALANCE 
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LINE  BALANCER 


FIG.  5 — Standard  300-ohm  parallel  line  con  be  used  with  pickup  probe  to  measure 
balanced  impedance  in  this  connection 


a  balanced  antenna,  the  impedance  An  arrangement  as  shown  in 
of  which  is  to  be  measured,  can  be  Fig.  3B  could,  of  course,  be  used 
The  equipment  arrangement  as  cut  in  two  and  half  of  it  mounted  directly  to  measure  balanced  im- 
shown  in  Fig.  1  can  be  used  only  above  a  ground  plane  as  in  Fig.  3A,  pedances. 

for  measuring  the  impedance  of  un-  the  impedance  as  measured  with  Figure  4  shows  a  variable  reac- 
balanced  circuits,  that  is,  circuits  the  eauipment  arrangement  shown  tance  that  has  been  used  very  suc- 
in  which  one  side  is  grounded  or  will  be  half  the  impedance  of  the  cessfully  for  impedance  measure- 
can  be  grounded  without  disturbing  balanced  antenna  in  both  its  re-  ments.  It  is  constructed  of  two  con- 
the  impedance  of  the  unknown.  If  sistive  and  reactive  components.  centric  brass  tubes  with  a  variable- 
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FIG.  4 — Variable  reactance  shown  in  diagrams  is  constructed  from  coaxial  coble  over  which  brass  tubing  is  fitted 
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position  plunger  short-circuiting 
the  two  together.  A  piece  of  coaxial 
cable  is  run  through  the  center 
tube  and  its  braid  is  soldered  to 
this  tube  at  the  open  end  of  the 
large  coaxial  line  so  formed.  The 
length  of  the  variable  reactance 
must  be  at  least  a  half  wavelength 
at  the  lowest  frequency  at  which 
it  is  to  be  used. 

Another  method  of  measuring 
balanced  impedances,  which  re¬ 
quires  no  expensive  special  equip¬ 
ment  and  which  gives  quite  accu¬ 
rate  results,  consists  of  stretching 
tautJy  a  piece  of  300-ohm  parallel 
line  between  the  impedance  to  be 
measured  and  a  line  balancer  which 
may  be  one  of  the  variable  reac¬ 
tances  of  Fig.  4  with  the  plunger  set 
at  a  point  90  degrees  from  the  open 
end,  and  moving  a  pickup  probe 
along  the  parallel  line  in  order  to 
measure  swr. 

Figure  5  shows  a  pickup  probe 
fastened  to  the  end  of  a  second  line 
balancer.  If  the  signal  generator 
used  is  not  balanced  and  is  not 
connected  to  the  parallel  line 
through  a  balancer,  or  if  the  pickup 
probe  is  not  balanced,  the  results 
obtained  will  be  so  erratic  as  to  be 
useless.  Available  polyethylene  ex¬ 
truded  parallel  line  seems  to  be  suffi¬ 
ciently  uniform  along  short  lengths 
and  to  have  sufficiently  low  losses 
and  radiation  up  to  216  megacycles 
to  give  good  results  when  imped¬ 
ance  is  computed  from  a  measured 
swr  and  a  measured  minimum 
position. 

Impedance  measurements  using 
either  the  two  swr  measurement 
with  an  unbalanced  unknown  or 
the  300-ohm  parallel  line  with  a 
balanced  unknown  can  be  made  to 
an  accuracy  of  15  percent  in  both 
resistance  and  reactance  for  swr 
up  to  ten  to  one,  and  more  accu¬ 
rately  for  lower  swr. 

Phase  Measurement 

The  design  and  adjustment  of 
antenna  arrays  can  be  facilitated 
immeasurably  if  suitable  phase 
measuring  equipment  is  available. 
A  system  for  measuring  phase  in 
the  44-216  me  region,  an  adaptation 
of  a  method  used  at  lower  frequen¬ 
cies  for  a  long  timeS  is  illustrated 
by  the  equipment  arrangement  of 
Fig.  6.  This  method  uses  the  prin¬ 
ciple  that  the  only  variation  be¬ 


tween  signals  taken  from  various 
points  of  a  slotted  line  perfectly 
matched  to  a  load  is  one  of  phase, 
and  that  phase  change  is  linear 
with  distance  as  measured  along 
the  line. 

'  In  this  system  the  output  of  a 
signal  generator  is  connected  to 
both  a  slotted  line  and  the  device 
under  test,  such  as  the  antenna  ar¬ 
ray.  The  slotted  line  is  terminated 
in  a  matched  resistance  so  that  the 
amplitude  of  current  along  the  line 
is  constant.  A  sampling  probe  at 
the  end  of  a  balancer,  similar  to 
that  described  for  measuring  swr 
on  the  open  parallel  line,  is  con¬ 
nected  through  an  attenuator  to  the 
sliding  pickup  of  the  slotted  line. 

A  receiver  is  also  connected 
through  a  flexible  coaxial  line  to 
this  same  slotted  line  pickup  probe 
in  such  a  way  that  the  receiver 
input  is  the  sum  of  the  signals  ex¬ 
tracted  from  the  slotted  line  and 
brought  into  the  sliding  probe  from 
the  sampling  probe.  Because  of  this 
connection,  the  attenuator  can  be 
adjusted  so  that  the  signal  sam¬ 
pled  from,  say,  a  dipole  in  the  ar¬ 
ray  under  test  is  of  the  same  ampli¬ 


tude  as  that  removed  from  the  slot¬ 
ted  line.  The  position  of  the  slide 
on  the  slotted  line  can  be  adjusted 
so  that  the  phase  of  the  signal  from 
the  slotted  line  is  such  that  cancel¬ 
lation  of  the  signal  from  the  an¬ 
tenna  dipole  under  test  occurs. 

If  the  balanced  probe  is  then 
moved  so  as  to  sample  energy  from 
a  different  dipole  and  the  position 
of  the  sliding  probe  is  moved  to 
that  now  required  for  cancellation, 
the  amount  it  is  moved  along  the 
slotted  line  gives  the  phase  differ¬ 
ence  between  the  two  dipoles.  From 
a  knowledge  of  the  wavelength  in 
the  slotted  line  this  difference  can 
be  expressed  in  degrees. 

With  this  equipment  arrange¬ 
ment,  a  minimum  point  is  found 
along  the  slotted  line  every  wave¬ 
length  rather  than  every  half  wave¬ 
length,  as  in  the  case  in  swr  meas¬ 
urements.  This  difference  does  not 
mean,  however,  that  the  slotted  line 
has  to  be  twice  as  long  because  the 
sampling  probe  can  be  rotated  180 
degrees  if  the  minimum  tends  to 
fall  out  of  range  of  the  slotted  line. 

The  accuracy  with  which  phase 
can  be  measured  by  this  method  de- 


FIG.  6 — Phating  of  antennas  in  on  array  can  be  measured  by  utilizing  the  linear 
phase  shift  with  distance  along  a  flat  slotted  transmission  line  by  this  connection 
built  about  a  speciol  probe 
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FIG.  7 — ^Where  ther*  is  a  diiierence  in  ontsnna  impedcmce  in  comparing  direciiTity  of 
two  antennas,  correction  can  be  made  based  on  standing-ware  ratio  measurements 


pends  largely  upon  how  good  the 
slotted  line  is  and  how  well  it  is 
terminated.  A  slight  rotation  of 
the  sampling  probe  is  of  no  impor¬ 
tance  as  it  does  not  normally  change 
the  phase,  but  only  the  amplitude 
of  the  picked  up  signal.  An  accu¬ 
racy  of  measurement  of  between 
It  3  and  ±.  5  degrees  has  been  con¬ 
sistently  obtained  over  the  44  to  216 
megacycle  range. 

Aataasa  Gain  Mnasnrtmnnt 

There  are  many  different  man¬ 
ners  in  which  antenna  gain  (direc¬ 
tivity)  has  been  measured*®.  Re¬ 
sults  of  such  measurements  can  be 
expressed  in  terms  of  the  directivity 
of  a  half-wave  dipole  or  an  isotropic 
(completely  nondirecti onal)  radia¬ 
tor.  The  latter  is  used  in  express¬ 
ing  absolute  gain  of  antenna  ar¬ 
rays.  The  gain  of  a  half-wave  di¬ 
pole  over  an  isotropic  radiator  is 
2.15  db  along  the  centers  of  its 
major  lobes. 

Figure  7  illustrates  an  arrange¬ 
ment  of  equipment  for  measuring 
the  gain  of  an  antenna  over  that  of 
a  half-wave  dipole  quite  accurately 
and  simply.  In  this  arrangement  a 
signal  generator  is  connected 
through  a  slotted  line  and  a  line 
balancer  to  the  antenna  under  test. 
A  signal  is  radiated  from  this  an¬ 
tenna  to  a  receiving  antenna  which 


is  connected  through  a  balancer  to 
a  receiver. 

It  is  necessary  that  both  antennas 
be  balanced  carefully  in  order  to  be 
sure  that  no  currents  flow  on  the 
outsides  of  the  coaxial  lines  leading 
to  the  signal  generator  and  receiver. 
If  currents  do  flow  on  these  lines, 
they  will  radiate  from  line  to  line 
or  from  line  to  antenna  and  make 
the  readings  meaningless. 

It  is  also  necessary  that  the  sig¬ 
nal  generator  have  an  output  im¬ 
pedance  equal  to  the  characteristic 
impedance  of  the  slotted  line,  as 
will  become  apparent  later.  Be¬ 
cause  most  signal  generators  have 
low  output  impedances,  it  may  be 
necessary  to  connect  a  resistance  in 
series  with  the  generator  output  or 
otherwise  modify  the  generator  to 
obtain  the  required  output. 

With  the  equipment  arranged  as 
described,  the  signal  generator  at¬ 
tenuator  should  be  set  to  such  a 
value  that  a  convenient  output  from 
the  receiver  is  obtained.  The  an¬ 
tenna  under  test  is  then  replaced 
with  a  half-wave  dipole,  not  neces¬ 
sarily  of  the  same  impedance  as  the 
antenna  under  test  or  even  a  known 
impedance.  The  signal  generator 
attenuator  must  then  be  reset  until 
the  receiver  output  becomes  the 
same  as  it  was  when  the  antenna 
being  tested  was  in  use.  The  db 


difference  between  the  two  attenua¬ 
tor  settings  gives  the  antenna  gain 
over  a  half-wave  dipole,  if  the  two 
antennas  had  exactly  the  same  mis¬ 
matches  to  the  slotted  ‘line.  The 
swr  of  the  two  antennas  can  then 
be  measured  and  the  ratio  of  the 
power  transmission  coefficients  com¬ 
puted  from  the  two  swr  values. 
The  absolute  gain  of  the  antenna 
under  test  can  then  be  computed  as 
the  sum  of -2.1^  db,  the  difference  of 
signal  generator  attenuator  set¬ 
tings  in  db  and  the  ratio  of  power 
transmission  coefficients  of  the  two 
antennas  expressed  in  db.  Figure 
7  gives  the  formula  for  this  last 
quantity  in  terms  of  the  two  meas¬ 
ured  swr. 

CeaelMien 

The  measuring  methods  herein 
described  lend  themselves  quite  well 
to  quick  changes  of  frequency, 
even  over  several  octaves,  as  is  de¬ 
sirable  for  broad-band  antenna 
work.  The  accuracy  seems  suffi¬ 
ciently  good  for  most  engineering 
purposes.  There  is  still  an  ever 
increasing  need  for  a  piece  of  high- 
frequency  impedance  measuring  ap¬ 
paratus  that  approximates  the 
ohmmeter  in  its  simplicity  of  oper¬ 
ation.  At  present  when  a  change 
is  made  in,  say,  a  television  an¬ 
tenna,  it  may  be  necessary  to  meas¬ 
ure  its  impedance  over  the  entire 
frequency  range  44  to  216  mega¬ 
cycles  to  determine  if  the  change 
is  desirable.  This  measurement  is 
obviously  a  time-consuming  proce¬ 
dure. 

In  the  setting  up  of  a  new  devel¬ 
opment  program  there  is  always 
the  problem  of  what  fraction  of  the 
available  time  should  be  spent  in 
constructing  test  equipment  and 
what  fraction  of  the  time  spent  us¬ 
ing  it.  The  best  solution  to  this 
problem  as  applied  to  antenna  de¬ 
velopment  may  eventually  result  in 
much  more  convenient  methods  of 
impedance  measurement.  Increased 
accuracy  is,  of  course,  always  to 
be  desired. 
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CHASSIS  CLINCH 


MINIATURE  SOCKET 


Rigidly  fastened  by  lugs  sheared  from  the 
chassis  using  special  tools,  the  Chassis  Clinch 
is  ^^the  last  word**  in  economy,  ease  of 
assembly,  and  simplicity  of  design.  Saves 
valuable  space!  Illustrated  here  is  complete 
engineering  data.  Cinch  ''Know  How"  in  the 
fabrication  of  precision  parts  adds  another 
socket  to  the  Standard  group. 


CHASSIS  CLINCH  MINIATU 
SOCKETS  ARE  STANDA 

CINCH  MANUFACTURING  CORPORATION 

2335  Wost  Von  Buron  Strool  •  Chicago  12,  Illinois 

SvbMkHy  mf  UniMd-Corr  F«i»l«n«r  Cafporatton,  CombrMg*  4S,  Mo«*. 


RE 


Cathode 

Follower 


By  MELVIN  B.  KLINE 

Benior  Electronic  Engineer,  Reeearch  and  Development  Divition 
Allen  B.  Du  Mont  Laboratoriee,  Inc.,  Paeaaic,  li.  J. 

IMPEDANCE 

NOMOGRAPH 


Output  impedance,  transconductance,  and  cathode  load 
resistance  are  related  in  this  last  of  a  series  of  three 


The  output  impedance  of  a 
cathode-follower  is  readily 
found  with  the  aid  of  the  accom- 


nomographs  dealing  with  design  of  cathode-followers 


panying  nomograph  if*  transcon¬ 
ductance  and  cathode  load  re- 


Sk 

IN  OHMS 

+  2,800 
T  '*“0 
-±-  1.000 
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sistance  are  known.  The  perti¬ 
nent  design  equation  is  obtained 
by  starting  with  the  relation  for 
gain  in  terms  of  transconduct¬ 
ance.  Wien  Ri,<<r, 


E,  ^  QmRk 
Ei  1  +  gmRh 


(1) 


Rewriting  gives 


E, 


(1/y,)  Rk 

(!/(?«)  +  Rk 


gmEi 


(2) 


This  represents  a  parallel  re¬ 
sistance  combination  consisting 
of  two  resistances,  l/p«  and  Rt, 
through  which  flows  a  current 
gmEi,  as  indicated  in  the  con¬ 
stant-current  form  of  the  equi¬ 
valent  circuit  on  the  nomograph. 

Equation  2  states  that  the  out¬ 
put  voltage  E,  is  a  result  of  an 
output  current  (/,  =  ffmE,)  flow¬ 
ing  through  an  output  impedance 


Z,  -  Rk/(1  +  gmRk)  (3) 

This  Z.  is  the  output  impedance 
of  the  cathode-follower  as  given 
by  the  nomograph. 

This  chart  should  be  of  par¬ 
ticular  value  in  providing  the 
proper  termination  for  transmis¬ 
sion  lines  and  coaxial  cables. 

In  preceding  issues,  a  general 
cathode-follower  nomograph  re¬ 
lated  gain,  amplification  fac¬ 
tor,  and  the  ratio  of  cathode  load 
resistance  to  tube  plate  resist¬ 
ance,  and  a  nomograph  for  pen¬ 
todes  related  gain,  transcon¬ 
ductance,  and  cathode  load  re¬ 
sistance. 
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\WP505 


Special  Television  Capacitors  by  MALLORY 


Experimental  television  requirements  indicate  a  need  for 
certain  electrolytic  capacitor  ratings  involving  special 
impedance  values. 

The  units  listed  below  are  designed  especially  for  these 
applications,  and  where  special  impedance  values  are 
required,  they  are  rated  in  impedance  (Z)  rather  than  in 
capacity.  Note  that  the  maximum  impedance  rating  in 
the  chart  is  coupled  with  the  frequency  at  which  this 
rating  is  obtained. 


Type  WP505  is  designed  for  the  Video  amplifier  cathode 
bypass  and  is  rated  at  3  “volts  non-polarized.  The  im¬ 
pedance  rating  of  10  ohms  is  used  in  place  of  a  capacity 
value,  since  this  is  the  important  characteristic.  The 
10-ohm  value  refers  to  the  30-cycle  characteristic,  the 
impedance  of  course  being  lower  at  the  higher  frequencies. 

Type  WP510  is  suggested  for  the  horizontal  centering 
control  bypass.  It  is  rated  at  .5  ohms  impedance  rather 
than  as  a  capacity  value.  The  .5  ohm  rating  is  at  15750 
cycles  and  is  the  Mallory  final  inspection  limit. 


*  Ripple  current  refers  to  1st  section  only. 
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Type  WP520  may  be  used  for  bypassing  in  the  audio, 
and  synchronizing  amplifier  stages,  and  also  for  by¬ 
passing  the  deflecting  amplifier  cathodes. 


Type  FP550  is  suggested  for  filtering  the  low  voltage 
power  supply.  Note  that  the  10  mfd.  450-volt  section  is 
designed  as  the  input  and  the  80  mfd.  400-volt  section 
as  the  output. 


Type  WP540  is  intended  for  bypassing  the  vertical 
centering  control  and  is  rated  at  1.0  ohm  impedance 
at  60  cycles. 


All  impedance  values  mentioned  above  are  the  maximum 
passing  limit  at  the  Mallory  final  inspection  department. 
Actual  values  normally  run  considerably  lower  than 
the  rated  impedance. 


SPECIAL  TELEVISION  CAPACITORS  -  TYPE  FP  AND  WP 


Capacity 
Tolerance  % 


Temp. 
Range  C* 


Capacity 

or 

Impedance 


Mallory 

Catalog 

Number 


Maximum  120 

Surge  Cycle 

Voltage  Ohms 


120  Cycle 
Ma 

Ripple 


Size 
D  H 


WP520 

FP550 


100 


450  DC 
400  DC 


525 

475 


150 


10Z&  30  cycles  I 
[O  5  megacycles  / 


53  @  15750  cycles  3NP 
l.OZ  @  60  cycles  3NP 


WP510 

WP540 


I  CAPACITORS 
(ELECTROLYTIC,  OIL  and  WAX) 


TUBES  AT  WORK 


Including  INDUSTRIAL  CONTROL 

Edited  by  VIN  ZELUFF 

X'Rays  Predict  Oil  Field  Flow .  K 

Code  Reception  with  AVC  and  S  Meter .  1! 

Electronic  Speed  Cop .  1^ 

Electronic  Micrometer  Uses  R-F  Energy .  U 

Shunt-Fed  Wing  Antenna .  II 

Shore-Based  Radar  for  Port  of  Liverpool .  If 

British  Metal-Spray  Circuits .  II 

Radar  Signals  Guide  Missiles  in  Flight .  1( 

Radar  Beacon  for  Lighthouse  Keepers .  II 

Aural  Current  Indicator .  II 


Bak«Ut»-«ncase<l  rock  sample  into  which 
the  tracer  is  injected  ior  x-raying.  DeTel* 
oped  by  Gull  Research  Laboratories,  the 
x-roy  technique  shows  the  behoriour  ol 
the  entire  stratum  from  which  the  sample 
was  token 


X-Rays  Predict  Oil  Field  Flow 

To  HELP  solve  the  riddle  of  how  oil  dreds  of  feet  thick  and  miles  wide, 
flows  through  sand  and  rocks  under  The  core  is  subjected  to  artificial 
an  oil  field,  and  how  it  is  affected  pressures  and  saturations  of  oil, 
by  underground  water  ,and  gas,  an  gas,  and  water.  The  progress  of 
x-ray  method  of  studying  a  sample  these  elements  in  the  core  is  gaged 
taken  from  a  drill  hole  has  been  de-  by  an  x-ray  unit  called  “apparatus 
veloped  by  Gulf  Oil  Corporation.  for  determining  permeability-satu- 
A  small  three  inch  by  one  inch  ration.”  The  x-ray  beams  follow  the 

sample,  or  core,  from  the  drill  hole  reaction  by  means  of  an  opaque 

is  used.  In  effect,  the  core  is  made  tracer  mixed  w’ith  the  liquid  or  gas. 

to  reproduce  in  miniature  the  layer  The  tracer  causes  variations  in  in- 

of  rock  or  sand  from  which  it  was  tensity  of  the  beams  as  they  pierce 

taken.  Study  of  the  reactions  in  the  the  core,  indicating  the  extent  of 

sample  gives  a  picture  of  flow  con-  saturation.  A  similar  technique  is 

ditions  in  a  stratum  perhaps  hun-  used  in  x-raying  organs  of  the  hu¬ 


man  body  filled  with  opaque  barium. 

A  basis  for  comparison  is  estab¬ 
lished  by  studies  of  the  core  at  100 
percent  and  at  zero  saturation.  Then 
an  extensive  series  of  flow  experi¬ 
ments,  reproducing  conditions 
which  might  be  created  by  various 
recovery  methods,  must  be  run 
through.  '  The  effects  of  gravity, 
capillary  attraction,  and  the 
amounts  of  oil,  gas,  and  water  al¬ 
ready  in  the  sand  are  charted.  These 
procedures  are  sometimes  repeated 
on  as  many  as  10  or  11  cores  taken 
from  the  different  layers  through 
which  the  well  extends. 

By  correlating  such  data,  it  can 
be  determined  how  natural  pres¬ 
sure,  artificial  gas  injection,  or  wa¬ 
ter  flooding  will  move  oil  toward 
well  shafts  through  various  strata 
of  the  field  being  studied.  Methods 
of  working  the  field  can  be  planned 
accordingly  to  assure  the  greatest 
yield,  and  extent  of  yield  forecast. 

Permeability  -  saturation  studies 
are  useful  in  indicating  whether  in¬ 
jected  gas  can  move  oil  through  the 
strata  at  varying  degrees  of  water 
saturation.  The  method  also  aids 
the  operator  in  minimizing  the  es¬ 
cape  of  injected  gas  through  non¬ 
productive  formations.  The  x-ray 
technique  will  also  be  used  to  ex¬ 
plore  the  possibilities  for  salvaging 
more  oil  from  abandoned  wells. 


Code  Reception  with 
AVC  and  S  Meter 

The  unusual  feature  of  being  able 
to  use  the  automatic  volume  control 
and  signal-strength  meter  with  the 


This  x-roy  unit  focuses  on  a  sample  of  oil-well  rock  into  which  fluids  found  under- 
grotmd  are  injected.  From  the  resulting  radiograph,  forecasts  can  be  made  of  how 
oil.  gas,  and  water  will  flow  through  rock  strata  far  below  the  surface 
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Here’s  a  frequency  standard 
accurate  to  one  part  in 


If  you  make  time-frequency  measurements  or  if  you 
operate  two  or  more  independent  systems  synchronously, 
the  new  Western  Electric  Primary  Frequency  Standard 
is  the  instrument  you  need. 

Designed  for  100  kc  operation,  its  accuracy  is  rated 
conservatively  at  one  part  per  10^  per  day,  regardless  of 
moderate  changes  in  ambient  temperature,  air  pressure 
and  humidity.  Actual  tests  in  a  government  laboratory, 
however,  have  indicated  a  frequency  variation  of 
only  1 A  parts  per  JO’  per  day  .  .  .  which  corresponds 
to  less  than  JV4  cycles  at  1,000  megacycles. 

With  such  a  high  degree  of  accuracy,  you  would  hardly 
expect  this  new  Primary  Frequency  Standard  also  to 
be  .  .  .  (1)  small  and  compact  ...  (2)  light  in  weight- 
only  90  pounds  ...  (3)  exceptionally  rugged  . . .  and 
(4)  moderate  in  cost... but  it  has  aU  of  these  advantages  too. 

Check  these  points  of  superiority  against  the  frequency 
source  you  are  now  using  or  contemplate  purchasing, 
then  get  complete  information  by  calling  your  nearest 
Graybar  representative  or  writing  to  Graybar  Electric 
Company,  420  Lexington  Avenue,  New  York  17,  N.  Y. 
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Quality  Counts 


Western  Electric 
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bfo  operating  for.c-w  reception  is* 
made  possible  in  the  National  NG- 
173  by  the  isolation  of  the  avc  sys¬ 
tem  from  the  c-w  oscillator. 

With  more  common  receiver  de¬ 
signs  the  avc  system  is  arranged 
so  that  it  is  turned  off  automatically 
when  the  bfo  is  turned  on.  Alterna¬ 
tively,  if  the  avc  is  separately  con- 
troll^,  the  bfo  produces  a  large 
avc  voltage,  making  the  receiver 
very  insensitive  and  producing  full- 
scale  S-meter  deflection,  so  that  the 
avc  must  be  turned  off  to  use  the 
receiver. 

In  the  NC-173,  the  jblvc  system  is 
isolated  from  the  bfo  by  shielding* 
and  by  circuit  arrangement.  The 
method  used  is  to  take  some  of  the 
second  i-f  amplifier  grid  voltage  and 
amplify  it  in  a  separate  high-gain 
6AC7  stage,  and  apply  the  ampli¬ 
fied  voltage  to  half  of  a  6H6  rectifier 
to  produce  avc  voltage.  The  bfo 
output  voltage  feeds  in  to  the  second 
detector  in  the  usual  manner.  This 
arrangement  isolates  the  two  cir¬ 
cuits  because  the  bfo  voltage  cannot 
feed  backward  through  the  second 
i-f  amplifier  tube  and,  therefore, 
does  not  get  into  the  avc  system. 

As  in  most  receivers,  the  signal- 
strength  meter  is  actuated  by  the 
avc  system  so  turning  the  bfo  on 
or  off  does  not  change  either  the 


signal  strength  meter  reading  or 
receiver  gain.  The  avc  voltage  is 
applied  to  the  r-f  stage  and  both  i-f 
stages,  which  produces  good  avc 
action.  The  system  is  very  effective 
because  increasing  signal  level  re¬ 
duces  the  gain  of  the  second  i-f 
stage  without  affecting  the  amount 
of  avc  voltage  produced.  Similarly, 
this  system  is  effective  because  the 
avc  voltage  does  not  reduce  the  gain 
of  the  6AC7  avc  amplifier. 

S  Meter  Circuit 

As  shown  in  the  diagram,  the 
signal  strength  meter  is  placed  in  a 
diode  rectifier  circuit.  The  meter 
scale  is  calibrated  in  S  units  from 
1  to  9  with  roughly  5  db  per  S  unit, 
and  in  db  above  S9  from  0  to  40. 
S9  corresponds  to  approximately  60 
microvolts.  This  arrangement  per¬ 
mits  signal  strength  measurements 
from  roughly  0.6  to  6,000  micro¬ 
volts.  The  S  meter,  therefore,  gives 
readings  for  approximately  an  80- 
db  range  of  signal  inputs. 

The  80-db  reading  on  the  S-meter 
scale  corresponds  to  approximately 
a  20-db  change  in  current  through 
the  meter.  This  indicates  that  with 
an  80-db  increase  in  input  the  avc 
system  reduces  the  gain  of  the  first 
r-f  and  first  i-f  stages  by  60  db,  so 
that  a  net  increase  of  20  db  reaches 


Circuit  of  the  arc  lyetem  and  bfo  of  the 
National  NC-173 


the  S  meter.  Reference  to  the  trans- 
conductance  versus  grid  bias  curves 
for  the  6SG7  tube  shows  that  this 
is  not  at  all  difficult. 

Similarly,  these  curves  indicate 
that  the  second  6SG7  i-f  amplifier 
gain  can  be  reduced  approximately 
20  db  to  compensate  for  the  20-db 
increase  in  signal  on  its  grid,  thus 
resulting  in  good  avc  action  on  the 
signal  reaching  the  detector. 

The  avc  system  actually  handles 
signal  variations  of  more  than  80 
db  above  its  threshold  without  over¬ 
load,  even  though  off-scale  deflection 
of  the  S  meter  is  obtained.  The 
S-meter  sensitivity  is  controlled  by 
the  r-f  gain  control.  Retarding  the 
r-f  gain  control  decreases  S  meter 
sensitivity.  The  S  meter  zero  set¬ 
ting  does  not  require  readjustment 
due  to  the  diode  rectifier  meter  cir¬ 
cuit. 

The  i-f  transformers  are  the 
permeability-tuned  low-impedance 
type.  The  tuning  cores  are  arranged 
so  that  gain  and  selectivity  do  not 
change  appreciably  as  the  cores  are 
moved  for  tuning.  The  low-imped¬ 
ance  type  transformer  requires  rela¬ 
tively  large  tuning  capacitors  and 
as  a  result  changes  in  associated 
circuit  capacitance  caused  by  chang¬ 
ing  tubes,  or  tube  capacitance  varia¬ 
tion  due  to  heat  or  avc  voltage,  all 
have  a  minimum  detuning  effect. 
This  type  of  i-f  transformer  also 
reduces  stray  couplings,  with  the 
result  that  sides  of  the  i-f  curve  do 
not  flare  out  as  quickly  off  resonance 
(continued  on  p  148) 


LARGE-SCREEN  COLOR  TELEVISION 


Thr»*<olor  profoctor  doToloped  by  RCA  Loboratoriea  for  picturM  on  a  7Vt  by  10 
foot  tcroon  and  recently  demonstrated  in  Philadelphia.  At  right  are  the  elements 
of  the  reflectlTe  system  fed  by  three  projection-type  cothode-roy  tubes  used  for 
simultaneous  color  transmission  (□.ECTRONICS,  p  140.  Dec.  1946) 
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Today,  Fred  is  Hot  Mill  superintendent  for  Wilbur  B.  Driver  Co., 
one  of  many  men  in  our  organization  who  have  devoted  their 
aaive  life  toward  the  production  of  better  resistance  alloys  for  industry. 


The  faa  that  Wilbur  B.  Driver  alloys  are  widely  accepted 
throughout  the  world — in  electric  heating,  and  for  instrument  and 
electronic  applications — is  a  tribute  to  the  purpose  and 
accomplishment  of  these  men. 


i  { 
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WILBUR  B.  DRIVER  CO. 

150  RIVERSIDE  AVE.,  NEWARK  4,  NEW  JERSEY 
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Stabilizing  Electrical  and  Mechanical  Characteristics 

Of  Circuits 


Exacting  requirements  of  such 
wartime  electronic  equipment  as 
radio  proximity  fuzes  necessitated 
potting  the  circuit  components  in  a 
casting  resin.  An  investigation  of 
such  resins  was  conducted  at  the 
National  Bureau  of  Standards  with 
the  development  of  a  material  with 
low  electrical  loss  and  high  mechani¬ 
cal  rigidity,  and  with  such  viscosity 
that  it  would  fully  penetrate  the 
equipment  during  potting.  The  new 
resin  is  particularly  suitable  for 
potting  because  of  its  very  low 
shrinkage  during  gelling,  thus  it 


does  not  subject  components  to  high 
pressure  as  do  most  such  materials. 

High-Frequency  Resin 

The  casting  resin  for  use  in  high- 
frequency  high-impedance  circuits 
has  low  power  factor  (about  0.0006 
at  100  me),  low  dielectric  constant 
(2.5  at  100  me),  short  polymeriza¬ 
tion  period  at  low  temperature  and 
atmospheric  pressure,  high  impact 
strength,  small  volume  shrinkage 
on  polymerization,  dimensional  and 
electrical  stability,  and  low  moisture 
absorption  (0.01  percent  after  24- 


CircuiU  can  be  suspended  within  the  cast¬ 
ing  resin  by  first  allowing  a  portion  of 
the  resin  to  gel,  oiter  which  it  will  support 
the  circuit.  The  mold  (glass  or  metal)  is 
then  completely  filled.  Printed  and  sub¬ 
miniature  circuits  intended  for  industrial 
or  portable  use  con  be  protected  from 
damage  by  potting 

hour  immersion).  In  addition,  this 
NBS  Casting  Resin  has  low  viscos¬ 
ity  and  low  surface  tension  so  that 
it  penetrates  small  openings;  it  has 
a  dielectric  strength  of  about  630 
volts  per  mil  (measured  on  a  A  inch 
sample)  and  a  volumetric  resistivity 


This  subminiature  printed  plug-in  multi¬ 
stage  electronic  Industrial  control  unit 
(about  2.25  inches  in  diameter)  is  potted  to 
proTide  mechanical-electrical  stabilisation 


Potting,  or  embedding,  high-freqtwncy  high-impedance  electronic  circuits  con  be 
readily  done  using  NBS  Casting  Resin 


over  10"  megohms  per  cubic  centi¬ 
meter.  The  cured  resin  can  be  ma¬ 
chined. 

In  potting  equipment  that  in¬ 
cludes  vacuum  tubes  with  glass  en¬ 
velopes,  protection  from  thermal 
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THE  XEW  FM  SIGIVAL  GENERATOR 


BAS/C  LAYOUT  OF  20Z-B  FM  S/GMAL  GFNEkATQIi 


Shown  above  in  block  form  are  the  basic  circuit  elements  of  the  new 
202-B  FM  Signal  Generator.  The  stage  following  the  RF  oscillator,  in 
addition  to  doubting  the  oscillator  frequency,  prevents  interaction  be¬ 
tween  the  output  stage  and  the  oscillator  and  modulator  circuits.  It 
also  provides  sufficient  drive  to  saturate  the  output  stage  thereby 
minimizing  unwanted  amplitude  modulation.  The  FM  and  AM  modula¬ 
ting  systems  are  independently  monitored  by  a  modulation  meter 
which  may  be  switched  to  indicate  the  degree  of  each  type  of 
modulation  present. 

Frequency  doubling  at  the  final  stage  is  accomplished  by  changing 
the  point  at  which  the  output  tank  coil  is  grounded,  assuring  stable 
and  trouble  free  range  switching. 

THE  Signal  generator  to  help  solve 
your  FM  problems 

In  response  to  widespread  demands  for  a  suitable 
FM  Signal  Generator  to  cover  the  new  FCC  fre¬ 
quency  allocations,  Boonton  Radio  Corporation 
now  offers  the  Type  202-B  FM  Signal  Generator 
to  provide  the  utmost  in  performance.  FM  and 
television  engineers  will  welcome  the  202-B  Signal 
Generator  as  the  essential  laboratory  instrument 
for  receiver  development  and  research  work. 

Frequency  coverage  from  54  to  216  megacycles  is  pro¬ 
vided  in  two  ranges,  54  to  108  megacycles  and  108  to 
216  megacycles.  A  front  panel  modulation  meter  hav¬ 
ing  two  deviation  scales,  0-80  kilocycles  and  0-240  kilo¬ 
cycles,  permits  accurate  modulation  settings  to  be  made. 


FREQUENCY  RANGE 
54  to  216  MEGACYCLES 


Model  202-B 


quencies  ranging  from  50  cycles  to  15  kilocycles, 
any  one  of  which  may  be  conveniently  selected 
by  a  rotary  type  switch  for  either  amplitude  or 
frequency  modulation. 

The  calibrated  piston  type  attenuator  has  a  voltage 
range  of  from  0.1  microvolt  to  0.2  volt  and  is 
standardized  by  means  of  a  front  panel  output 
monitor  meter.  ^ 


Although  fundamentally  an  FM  instrument,  amplitude 
modulation  from  zero  to  50%,  with  meter  calibrations 
at  30%  and  50%,  has  been  incorporated.  This  AM 
feature  offers  increased  versatility  and  provides  a 
means  by  which  simultaneous  frequency  and  amplitude 
modulation  may  be  obtained  through  the  use  of  an 
external  audio  oscillator. 

The  internal  AF  oscillator  has  eight  modulation  fre- 
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^  c  '•/( 

ri.  ^ 
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The  output  impedance  of  the  instrument,  at  the 
terminals  of  the  R.F.  output  cable,  is  26.5  ohms. 

Careful  consideration  has  been  given  to  the  posi¬ 
tioning  of  the  main  frequency  dial  and  various 
controls,  with  modulation  and  output  monitor 
meters  located  at  eyelevel  for  maximum  read¬ 
ability.  Dimensions  have  been  chosen  to  permit 
greatest  economy  of  laboratory  space.  For  com¬ 
plete  details  write  for  Catalog  “D”. 

Th«  daiign  of  thii  inttrumont  woi  dotcribod  on  pagot  96-101  of  tho  Novowbor  iwwo 
of  EtCCTRONICS.  Roprinh  of  thii  artkio  aro  ovoifob/o  upon  roquott. 
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After  th«  circuit  has  been  potted  at  low  temperature  it  is  placed  in  a  curing 
OTen.  A  hard  surface  con  be  produced  by  flooding  with  glycerol  after  initial  gelation 


and  mechanical  shock  can  be  pro¬ 
vided  for  the  glass  by  rubber  jack¬ 
ets.  Sharp  corners  should  be  elimi¬ 
nated  from  components  to  be  cast  as 
strains  set  up  at  them  may  cause 
crazing.  Molds  in  which  equipment 
is  cast  can  be  lubricated  with  Sili¬ 
cone  grease. 

Electrical  equipment  embedded  in 
the  resin,  either  complete  circuits  or 


plug-in  subassemblies,  are  well  in¬ 
sulated  as  well,  as  protected  from 
mechanical  vibration  and  deteri¬ 
orating  atmospheres.  The  potting 
technique  can  be  used  to  protect  in¬ 
dustrial  equipment,  to  stabilize  por¬ 
table  devices  (hearing  aids),  and 
to  protect  components  from  acid 
fumes,  high  humidity,  and  salt 


FIG.  1 — Basic  counter  circuit  consists  of 
interconnoctod  tubos;  the  number  of  tubes 
is  determined  by  the  desired  scale  base, 
the  drcuit  here  being  for  o  base  of  five 

continue  conducting  cig*rent  so  that 
the  circuit  is  in  a  condition  of  stable 
equilibrium.  There  are  N  such 
equilibrium  states  corresponding  to 
the  N  tubes. 

Several  types  of  scale  of  N  cir¬ 
cuits  can  be  constructed  using  this 
basic  circuit,  perhaps  the  simplest 
being  that  shown  in  Fig.  2,  which 
uses  multigrid  tubes.  Conduction 
in  any  one  tube  drives  one  grid  in 
each  of  the  others  negative,  cut¬ 
ting  off  current  in  them.  This  cir¬ 
cuit  suffers  from  the  disadvantage 
that  the  number  of  sensitive  grids 


Scale  of  N  Counting  Circuits 

By  Bradford  Howland 

Rocket  Sonde  Section 
Naval  Research  Laboratory, 
Washington,  D.  C. 


Experiments  have  led  to  develop¬ 
ment  of  a  decade  counting  circuit 
for  use  with  such  measuring  equip¬ 
ment  as  the  Geiger-Mueller  counter. 
The  basic  Eccles-Jordan  trigger  cir¬ 
cuit  exhibits  two  stable  states  cor¬ 
responding  to  conduction  in  either 
one  of  two  vacuum  tubes**.  This 
circuit  has  found  wide  application, 
particularly  as  a  scaling  or  count¬ 
ing  circuit*.  Being  a  two-positioned 
circuit,  it  is  best  adapted  for  count¬ 
ing  in  powers  of  two  (the  binary 
numerical  system),  and  a  calcula¬ 
tion  is  often  necessary  to  convert 
the  count  to  the  more  familiar  deci¬ 
mal  number.  Recently  there  have 
been  developed  several  ingenious 
decade  counting  circuits  using  com¬ 


binations  of  scale  of  two  cir- 
cuits**’*’*. 

Multiple  Stable  States 

If  Eccles-Jordan  circuits  could  be 
constructed  with  more  than  two 
states  of  stable  equilibrium,  still 
other  types  of  scaling  and  counting 
circuits  would  be  possible.  A  gen-  ‘ 
eralized  Eccles-Jordan  circuit  hav¬ 
ing  N  states  of  stable  equilibrium, 
where  N  can  be  any  integer  greater 
than  one,  consisting  of  N  tubes  in¬ 
terconnected  in  symmetrical  fashion 
is  shown  in  Fig.  1.  The  intercon¬ 
nections  are  such  that  conduction  in 
any  one  tube  cuts  off  current  in  all 
the  others.  These  tubes,  being  cut 
off,  allow  the  conducting  tube  to 


INPUT  - - 

(NEGATIVE _ _ 

PULSES)  X 

FIG.  2 — A  scale  oi  three  counter  con  be 
built  using  tetrodes 

in  most  tubes  is  small,  hence  N  is 
severely  limited. 

This  limitation  is  avoided  in  the 
diode-triode  circuit  shown  in  Fig. 
3  for  which  N  is  6.  The  plates  of 
the  multiple  diodes  (actually  several 
duodiodes)  are  connected  to  the 
grids  of  the  several  triodes.  All 
grids  are  biased  at  zero  volts.  Con¬ 
duction  in  any  triode  drives  the 
cathode  of  the  associated  diode 
negative  with  respect  to  its  plates 

(Centinusd  on  p  174) 


MPM  Resistors 


TYPE  H  Fingertip  Control 


^  watt  for  UHF.  Resistance  film  permanently 
bonded  to  solid  ceramic  rod.  Length 
only  Diameter  Hi".  Available 
resistance  values  30  ohms  to  1.0  megohms. 


Similar  to  TYPE  H  Control  (left)  in  appearance, 
diameter.  OFF  and  3  operating  positions. 


Composition  volume  or  tone  control. 
Its  diameter  and  H"  overall 
depth  Include  knob  and  bushing. 


INTERNATIONAL 

401  N.  BROAD  STREE 


ftIA  8,  PENNSYLVANIA 

ff.  ITD..  TOSONTO.  UCENSK 


IN  CANADA  >  INTSHNAnOHj 


ELECTRONICS 


BTR  Resistors  I 

^  watt — insulated  composition.  Length 
only  1^6".  Diameter  Hi".  Resistance 
range  470  ohms  to  2^  megohms 
(higher  on  special  orders). 

TYPE  SH  Fingertip  Switch 

o 

mamift 


dependent  phenomena  of  transient 
or  random  natures  on  a  single  7- 
inch  screen  is  desired.  The  .screen 
can  be  supplied  in  any  of  the  stand¬ 
ard  phosphors.  Voltages  up  to  2,000 
volts  for  the  second  anode  and  4,000 
volts  for  the  third  anode  are  re¬ 
quired. 


NEW  PRODUCTS 


Edited  by  A.  A.  McKENZIE 


New  equipment,  components,  packaged  units, 

4 

allied  products;  new  tubes.  Catalogs  and  manu¬ 
facturers’  publications  reviewed. 


Frequency  Record 

Universal  Microphone  Co.,  Ingle¬ 
wood  2,  Calif.  The  well-known 
D61A  Frequency  Record  used  for 
checking  the  audio  response  char¬ 
acteristics  of  pickups  and  complete 


frequency  oscillator  followed  by 
slug-tuned  buffer  and  doubler  stages 
ganged  to  the  oscillator  dial  do  the 
tuning.  Band  changing  is  accom¬ 
plished  in  the  exciter  by  a  band  se¬ 
lector  switch  and  in  the  final  stage 
by  plugging  in  a  coil.  Power  con¬ 
sumption  is  325  watts  and  the  ap¬ 
proximate  weight  is  125  pounds. 


Sonic  Oscillator  O) 

Raytheon  Mfg.  Co.,  178  Atlantic 
Ave.,  Boston  9,  Mass.  A  new  mag¬ 
netostriction  oscillator  operating  at 
9  kc  provides  a  means  for  research 
into  living  organisms  and  chemical 


Eight-Gun  Tube  (3) 

Electronic  TuftE  Corp.,  1200  E. 
Mermaid  Ave.,  Philadelphia  18,  Pa. 
The  type  7Z8P11  cathode-ray  tube 
has  been  designed  for  special  in¬ 
dustrial  and  medical  applications  in 
which  the  registration  of  eight  in¬ 


mixtures.  The  equipment  consists 
of  three  parts — an  electronic  driver, 
a  hollow  ibrator  column,  and  a  cup 
assembly.  Operation  is  simple  and 
full  power  is  obtained  within  a  min¬ 
ute  of  connecting  to  the  line.  An  il¬ 
lustrated  bulletin  is  available. 


lateral  disc  recording  and  reproduc¬ 
ing  systems  is  now  offered  as  a  12- 
inch,  78-rpm  Vinylite  pressing. 
Both  sides  of  the  disc  are  recorded 
in  duplicate. 


Chokes  (3) 

Cambridge  Thermionic  Corp.,  445 
Concord  Ave.,  Cambridge  38,  Mass. 
The  type  LHC  iron-core  r-f  choke 
shown  at  the  left  is  available  in  8 
standard  values  from  2.5  to  125 
millihenrys  with  a  current  rating  of 
125  milliamperes.  The  type  LAB 
pie-wound  r-f  inductor  at  the  right 
will  carry  a  maximum  of  125  milli¬ 
amperes  and  is  available  in  types 
that  range  in  inductance  between 


Ham  lOO-Watter  (2) 

Supreme  Transmitter  Corp.,  280 
Ninth  Avenue,  New  York  City. 
Model  AF-100  desk  type  transmitter 
is  a  six-band  100-watt-output  trans¬ 
mitter  housed  in  a  rectangular 
metal  cabinet  measuring  29§  x  111 
X  18i  inches.  It  covers  the  10,  11, 
15,  20,  40  and  80  meter  bands  for 
cw,  icw,  a-m  and  f-m  phone  trans¬ 
mission,  with  frequency  modulation 
in  the  27.160  to  27.430  and  29  to 
29.7  megacycle  bands.  The  trans¬ 
mitter  is  continuously  tunable 
throughout  each  band.  A  variable 


Readers  desiring  further  details 
concerning  any  item  listed  in  the  New 
Products  department  can  obtain  the 
information  by  using  the  cards  fur* 
nished  as  a  stiff,  colored  insert  else¬ 
where  in  this  department. 

Place  the  number  (appearing  to 
the  right  of  the  heading)  of  one 
item  in  which  you  are  interested  in  a 
circle  and  then  fill  out  the  balance 
of  the  card  according  to  directions 
appearing  on  the  colored  sheet.  Un¬ 
numbered  items  listed  at  the  end 
should  be  procured  direct  from  the 
manufacturer  or  publisher  upon  pay¬ 
ment  of  the  fee  noted. 
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Of  CAMBRIDGE 


Alignment  with  a  Visual  Alignment  Signal  Generator 
(VISALGEN)  eliminates  guess-work  and  time  consuming  plotting.  ■ 


Aligns  intermediate  and  radio  frequency  amplifiers  in  FM 
and  AM  Communication  and  Broadcast  Receivers,  as  well 
as  Broadband  receivers  of  all  types. 


Saves  time,  instantaneously  you  see  the  entire  frequency 
response  curve.  Indispensable  for  FM  discriminator  and 
overcoupled  circuit  alignment. 


The 

Is  Useful 


Gives  a  wide  band  FM  output  synchronized  with  a  linear 
sweep,  so  that  the  overall  frequency  response  of  the 
circuit  under  test  is  seen  on  an  oscilloscope  screen. 


The 

Operates 


The  Visalgen,  available  in  two  models*,  the  205TS  (500  KC 
to  20  MC)  and  the  204TS  (20  KC  to  500  KC)  is  useful  in 
Development  Laboratories,  Production  Testing  or  on  the 
service  bench.  In  short,  wherever  fast  accurate  alignment 
is  necessary. 


A  matching  oscilloscope  is  also  available  in  a  separate  cabi¬ 
net  or  installed  with  either  VISALGEN  in  a  single  cabinet. 


HARVEY;  WRITE  FOR  FURTHER  INFORMATION 


IMMEDIATE  DELIVERY 


0.75  and  15  millihenry s,  a  total  of  8 
standard  values. 

Simplified  Loran 
Indicator  (6) 

Philco  Corp.,  Philadelphia  34, 
Pa.  J^ew  equipn^ent  for  taking 
more  accurate  loran  navigational 
fixes  has  just  been  announced.  The 
Seaguide  uses  new  miniature 
tubes,  contains  a  pulse-locking  cir¬ 
cuit,  and  weighs  35  pounds.  It  can 


be  supplied  for  60-  or  400-cycle 
operation  and  is  small  enough  for 
installation  in  large  aircraft.  Two 
knobs  with  associated  counters 
allow  the  navigator  to  set  up  lines 
of  position  from  two  pairs  of  trans¬ 
mitting  stations  in  rapid  succes¬ 
sion  and  thus  show  a  fix. 


Ultrasonic  Generator  (7) 

Televiso  Products  Co.,  7466  West 
Irving  Park  Road,  Chicago  34,  Ill. 
The  U-300  and  U-500  Ultrasons 
,  have  been  developed  as  sources  of 


ultrasonic  energy  for  experiments 
in  the  superaudible  region  between 
7.5  me  and  400  kc.  A  bulletin  is 
available  describing  the  equipment 
and  listing  a  bibliography  of  techni¬ 
cal  references. 

F-M  Tuner  (8) 

Packard-Bell  Co.,  Inc.,  Box  3219 
Terminal  Annex,  Los  Angeles  54, 
Calif.  A  tuner  unit  for  reception 


of  f-m  broadcast  stations  can  be 
connected  to  a  radio-phonograph 
combination  or  any  other  conven¬ 
ient  audio  amplifier  and  loudspeaker 
system.  The  unit  is  designed  to 
adapt  existing  broadcast  receivers 
to  reception  from  the  new  medium. 


Reluctance  Pickup 
Preamplifier  (9) 

General  Electric  Co.,  Syracuse, 
N.  Y.  A  preamplifier  for  use  with 
the  variable  reluctance  pickup  uses 
a  single  tube  and  associated  cir¬ 
cuit  to  match  the  pickup  output  im¬ 
pedance  to  a  radio  receiver  audio  in¬ 
put  circuit.  The  combination  pro¬ 


vides  sufficient  preamplification  to 
play  records  through  the  receiver, 
at  the  same  time  giving  best  tone 
compensation. 


Playback  Arm  (10) 

Gray  Research  and  Development 
Co.,  Inc.,  Elmsford,  Westchester 
Co.,  N.  Y.  Offset  or  straight  play¬ 
back  arms  are  available  for  use  with 
highly-compliant  cartridges.  The 


new  arms  are  fabricated  from  mag¬ 
nesium  and  have  a  precision  ground 
angular-contact  ball  pivot.  Without 
cartridge  the  arms  are  priced  at 
$35. 


plug-in  construction  allows  equip¬ 
ment  to  be  quickly  removed  and  an 
identical  component  plugged  into 
its  place.  Another  feature  of  this 
broadcast  equipment  is  that  only 
the  two  equipment  types  and  the 
two  tube  types  are  necessary  be¬ 
tween  microphone  and  transmitter 
input. 


Interstage  Coupling  Unit  (12) 

Centralab  Division  of  Globe- 
Union,  Inc.,  Milwaukee  1,  Wis.  A 
new  commercial  application  of 
printed  electronic  circuits  is  em¬ 
bodied  in  the  Couplate.  The  stand¬ 
ard  unit  designed  to  suffice  for  in¬ 
terstage  coupling  in  over  90  percent 


of  all  radio  receivers  now  in  use  or 
production  measures  1  by  i  by  i 
inch.  It  comprises  a  coupling  ca¬ 
pacitor,  0.01  microfarad;  plate  r-f 
bypass,  250  micromicrofarads ; 

(continued  on  p  194) 


Plug-In  Audio  Facilities  (11) 

The  Langevin  Co.,  37  West  65th 
St.,  New  York  23;  N.  Y.  The  rack 
mount  illustrated  is  set  up  for  three 
116 A  preamplifier  or  booster  am¬ 
plifier  types  and  two  117A  program 
or  monitor  amplifier  types.  The 
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DE  MORNAY  •  BUDD 
STANDARD  TEST  EQUIPMENT 

For  Precision  Measurements  in  the  Microwave  Field 


The  complete  line  of  De  Mornay  *  Budd  standard 
test  equipment  covers  the  frequency  range  from 
4,000  mcs.  to  27,000  mcs.  It  provides  all  R.  F. 
waveguide  units  necessary  for  delicate,  precision 
test  work  requiring  extremely  high  accuracy  in 
attenuation  measurements,  impedance  measure¬ 
ments,  impedance  matching,  calibration  of  di¬ 
rectional  couplers,  VSWR  frequency  measure¬ 
ments,  etc. 

To  eliminate  guesswork,  each  item  of  this 
De  Mornay* Budd  test  equipment  is  individually 


tested  and,  where  necessary,  calibrated,  and 
each  piece  is  tagged  with  its  electrical  character¬ 
istics.  Ail  test  equipment  is  supplied  with  inner 
and  outer  surfaces  gold  plated  unless  otherwise 
specified. 

NOTE:  Write  for  complete  catalog  of 
De  Mornay* Budd  Stotidard  Components 
and  Standard  Bench  Test  Equipment.  Be 
sure  to  have  a  copy  in  your  reference 
files.  Write  for  it  today. 


^  The  three  test  set 

-ups  illustrated  above  include: 

Tub*  Mount 

TunabI*  Dummy  Load 

Flop  Att*nuater 

Standing  Wav*  D*t*ctar 

Fr*qu*ncy  M*t*r 

Typ* 

“N"  Standing  Wav*  D*t*<tar 

Calibrated  Attwiuotor 

Directional  Coupler 

T** 

Might  Power  Dummy  Load 

Stub  Tunor 

Stand*,  otc. 

Cut-Off  Attenuator  > 

DE  MORNAY  •  tUDD  INC.,  47S  GRAND  CONCOURSE,  NEW  YORK  51,  NEW  YORK.  CAtlE  ADDRESS  “DEMSUD,”  N.  Y. 
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EQUIPMENT 

FOR 

97%  OF  AU 
RADAR  SETS 


NEWS  OF  THE  INDUSTRY 

Edited  by  JOHN  MARKUS 

Latest  list  of  preferred  tubes;  radio  con¬ 
ference  delegates;  d-f  services  for  lost 
.  pilots;  Sunspot  predicting  service;  FCC  news 

FCC  Schedules  Mobile  Radiotelephone  Hearing 


Problems  invited  by  rapidly  ex¬ 
panding  use  of  radiotelephone  for 
communication  with  vehicles  will  be 
considered  at  an  FCC  hearing  Sept. 
8  at  the  Commission’s  offices  in 
Washington,  D.  C.  with  respect  to 
the  service-allocation  of  frequencies 
for  the  General  Mobile  Service. 
Each  interested  person  may  appear 
and  participate  fully  in  such  hear¬ 
ing  provided  he  files  with,  the  Com¬ 
mission,  on  or  before  Aug.  16,  1947, 
a  written  notice  of  appearance  to¬ 
gether  with  15  copies  of  a  statement 
setting  forth  the  names  of  the  wit¬ 
nesses  he  intends  to  call  at  the  hear¬ 
ing  and  a  summary  of  the  testimony 
and  exhibits  each  witness  will  offer. 

Forty  channels  are  now  provided 
in  the  30-40  and  42-44  me  bands 
for  Highway  Mobile  experimenta¬ 
tion,  including  water,  land,  and  air 
craft.  Twenty-four  channels  are  set 
aside  in  the  152-162  me  band  for 
Urban  Mobile  service  on  the  basis 
of  shared  use  with  rural  subscriber 


and  short-distance  toll  telephone 
service. 

As  a  general  rule,  highway  use 
covers  service  between  cities  and 
in  the  open  country,  while  urban 
service  means  local  use  within  a 
radius  of  25  miles. 

The  common  carrier  type  of  mo¬ 
bile  radiotelephone  service  is  ex¬ 
panding  at  a  rapid  rate,  with  urban 
service  somewhat  more  in  demand 
than  highway  service.  The  rate  of 
expansion  is  delayed  only  by  the 
inability  of  manufacturers  to  fur¬ 
nish  the  necessary  radio  equipment 
as  rapidly  as  required.  Even  so, 
common  carrier  mobile  service  has 
been  authorized  in  58  cities  in  the 
United  States,  and  also  in  Honolulu. 
It  will  be  provided,  for  the  most 
part,  by  the  Bell  System  and  inde¬ 
pendent  telephone  companies.  The 
telephone  industry  has  authoriza¬ 
tions  for  about  5,600  mobile  units  in 
the  urban  service.  Its  projected 
investment  totals  about  $6,000,000. 


Thi  *ty-seven  licensees  have  been 
authorized  to  charge  for  this  serv¬ 
ice. 

Common  carrier  highway  service 
is  proposed  for  79  domestic  cities 
and  two  in  Hawaii.  Some  3,200 
mobile  units  have  been  authorized 
in  this  category  which,  together 
with  land  stations,  represent  an  in¬ 
vestment  of  $4,600,000. 

In  highway  system  operation,  the 
mobile  service  operator  may  have 
control  of  more  than  one  land  trans¬ 
mitter.  When  the  vehicle  is  beyond 
the  range  of  the  first  transmitter, 
another  transmitter  is  employed, 
and  so  on  progressively  until  the  de¬ 
sired  vehicle  is  contacted. 

Many  economic  problems  enter 
into  the  establishment  of  mobile 
systems  by  independent  users.  For 
example,  the  present  commitments 
of  the  taxicab  industry  alone  are  re¬ 
ported  to  approach  $16,000,000. 
Adequate  systems  cost  between 
$6,000  and  $10,000.  Many  small 
business  organizations  which  could, 
perhaps,  make  good  use  of  mobile 
radio  communications  have  hesi¬ 
tated  to  go  into  experimental  oper¬ 
ation  because  of  the  cost  and  the 
uncertainty  of  being  permitted  to 
continue  at  the  conclusion  of  the 
experimental  period. 

Representatives  of  the  taxicab, 
intercity  passenger  bus,  and  truck¬ 
ing  industries  each  petitioned  the 
Commission  for  assurance  that 
their  experimental  investment 
would  not  be  lost  as  a  result  of  fu¬ 
ture  service  determinations.  The 
Commission  recognizes  the  need  for 
these  services  and  is  making  pro¬ 
vision  for  them  compatible  with  the 
need  of  other  services  and  the  avail¬ 
ability  of  frequencies. 


Marine  Radar  Report 

As  A  RESULT  of  the  International 
Meeting  on  Marine  Radio  Aids  to 
Navigation  (IMMRAN)  held  April 
28  to  May  9  in  New  York  City  and 
New  London,  Conn.,  delegates  of 
the  31  nations  attending  issued  the 
following  conclusions  with  respect 
to  radar :  High-resolution  shipborne 
radar  with  ancillary  devices  hav¬ 
ing  suitable  and  approved  minimum 
performance  capabilities  and  oper¬ 
ated  by  qualified  personnel  is  a  de¬ 
vice  having  wide  applicability  to 


Status  oi  mobile  radiotelephone  serrice  installations  by  the  Bell  System.  More  than 
30  oi  the  cities  shown  as  haring  equipment  in  serrice  (solid  dots)  in  the  30-44  me 
band  also  hare  urban  mobile  radiotelephone  serrice  in  the  1S2-162  me  band 
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WANTED: 


Experienced  Senior  Profect  Engineers 

for  Responsible  Positions  in 
the  Development  of . . . 

OSCILLOSCOPES, 
TELEVISION  and 

jjbt  equipment 


II  you  are  an  electronic  engineer  with  an  outstanding  background — 
academic  and  practical — one  of  these  jobs  may  be  the  opportunity 
you  have  been  waiting  for. 

This  progressive,  medium-sized  organization  needs  men  with  superior  - 
ability,  fully  experienced  in  the  development  of  oscilloscopes,  television 
and  ultra  high  frequency  equipment. 

Applications  are  invited  from  top  men  to  carry  on  projects  under  their 
own  direction  in  modern,  fully- equipped  plant  situated  in  attractive 
south-east  New  Jersey  within  one  hour's  ride  of  New  York  City. 

If  you  can  qualify,  send  us  a  resume  of  your  education,  experience, 
age  and  salary  requirements.  Or,  if  you  prefer,  telephone  us  for  an 
appointment  at  Matawan  1-1049. 

RADIO  ENGINEERS  AND  MANUFACTURERS 
MORGANVILLE.  N.  J. 


Specialists  in  the  Development  and  Manufacture  of  LF  and  HF  Equipment 
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maritime  use  for  anticollision,  pi¬ 
lotage,  above-water  obstacle  detec¬ 
tion,  and  general  position-fixing 
within  range  of  suitable  fixed  radar 
targets  either  natural  or  artificial 
(active  and  passive).  This  radar 
should  (a)  provide  display  of  a 
target  down  to  a  minimum  range  of 
100  yards,  (b)  provide  display,  as 
two  distinct  indications,  of  targets 
at  the  same  range  separated  by  not 
more  than  3*  in  azimuth,  and  (3) 
provide  display  as  two  distinct  indi¬ 
cations,  on  the  shortest  range  scale, 
of  targets  on  the  same  azimuth  sep¬ 
arated  by  100  yards  in  range. 

A  shipborne  radar  with  reduced 
performance  requirements  and  gen¬ 


erally  understood  to  be  an  anticoUi- 
sion  radar  against  large  ships  is 
completely  inadequate  for  the  full 
requirements  for  position  fixing 
and  navigation  in  coastal  and  pilot¬ 
age  waters. 

A  universal  performance  specifi¬ 
cation  for  shipborne  radar  is  an  es¬ 
sential  prerequisite  of  the  compul¬ 
sory  carrying  of  equipment  by  cer¬ 
tain  classes  of  ships. 

Early  action  to  make  the  fitting 
of  radar  compulsory  is  not  contem¬ 
plated;  this  question  can  be  more 
appropriately  examined  later. 

The  administrations  of  the  coun¬ 
tries  in  which  these  apparatus  are 
manufactured  should  consider  the 


possibility  of  issuing  specifications 
serving  as  a  temporary  guide  for 
the  industry  and  the  purchasers  of 
these  apparatus. 

A  simple  and  reliable  overall  per¬ 
formance  monitor  is  essential. 

A  suitable  device  should  be  de¬ 
veloped  to  provide  accurate  and 
positive  identification  by  radar  of 
navigational  markers,  dangers,  and 
shore  features.  Reflectors  should  be 
installed  on  selected  navigational 
markers  in  order  to  facilitate  the 
differentiation  of  those  markers 
from  other  echoes,  including  sea  re¬ 
turn. 

A  solution  to  the  problem  of  in- 

(contlnuad  on  p  244) 


.  Preferred  List  of  Army-Navy  Electron  Tubes 


M 

Diodes 

Diode 

Triodes 

T  riodes 

Twin 

T  riodes 

Pentodes 

Con¬ 

verters 

Kly. 

strons 

Power 

Output 

Tuning 

Indi¬ 

ca¬ 

tors 

RectiFiers 

Miscellaneous 

Remote 

Sharp 

Cathode 

Ray 

Crys¬ 

tals 

1.4 

1A3 

3A5 

1T4 

1S5 

1U4 

1R5 

1 

3A4 

3S4 

3V4 

1Z2 

1B3GT/8016 

2AP1A 

3DP1A 

3JP1 

3JP7 

3JP12 

5CP1A 

5CP7A 

5CP12 

5FP7A 

5FP14 

5JP1 

7BP7A 

12DP7A 

1N21B 

1N23B 

1N25 

1N26 

1N31 

1N32 

5.0 

- 

■ 

5U4G 

5Y3GT 

6.3 

2B22 

6AL5 

6AT6 

6BF6 

6S07* 

6SR7* 

2C40 

6C4 

6F4 

6J4 

6N4 

2C51 

6AS7G 

6J6 

6N7GT 

6SL7W 

6SN7W 

12AU7 

6BA6 

6BD6 

6SG7* 

6SK7* 

6AC7W 

6AG5 

6AG7 

6AH6 

6AK5 

6AN5 

6AS6 

6AU6 

6SH7* 

6SJ7* 

6BE6 

6SA7* 

6SB7Y 

2K22 

2K26 

2K29 

2K41 

2K45 

2K48 

2K50 

2K54 

2K55 

6BL6 

6AK6 

6A05 

6B4G 

6L6GA 

6V6GT 

6Y6G 

6E5 

0Z4A 

6X4 

6X5GT 

1005 

1013 

Photo¬ 

tubes 

1P30 

1P37 

1P39 

1P40 

927 

Voltage 

Regulators 

0A2 

0B2 

0A3/VR75 

0C3/VR105 

0D3/VR150 

25  or  over 

25L6GT 

25Z6GT 

Only  types  for 
28  volts  anode 
supply 
operation 

26C6 

26A6 

26D6 

26A7GT 

*  Where  direct  interchangeability  with  prototype  is  assured  and  its  JAM-IA  specification  has  been  Issued,  types  with  suffix  letters 
QT,  T,  W,  A,  B,  etc.  may  be  used. 


T  riodes 

Tet¬ 

rodes 

Twin 

Tet¬ 

rodes 

Pen¬ 

todes 

Pulse 

Modu¬ 

lation 

Magnetrons 

Rectifiers 

Clipper 

Tubes 

Gas  Switching 

Grid 

Control 

ATR 

TR 

2C39 

250TH 

4D21 

8D21 

3D21A 

2J30-34 

4J51 

2X2A 

3B28 

2D21 

3B26 

1B35 

1B23 

2C43 

450TH 

5D22 

829B 

3C45 

2J41 

4J57-59 

3B24W 

4B26 

C5B 

4B31 

1B36 

1B24 

6C22 

811 

807 

832A 

3E29 

2J48 

4J78 

5R4GY 

6C 

6D4 

71 9A 

1B37 

1B26 

6C24 

880 

4C35 

2J51 

5J26 

836 

16B 

393A 

1B44 

1B27 

7C24 

889RA 

5C22 

2J58 

5J29 

1616 

857B 

394A 

1B51 

1B32 

9C21 

893A 

6C21 

2J60 

5J32 

8020 

869B 

884 

1B52 

1B50 

9C22 

893AR 

71 5C 

2J61A-62A 

5J33 

872A 

1B53 

1B55 

100TH 

3J21 

6J21 

1006 

1B56 

1B58 

4J50 

HK7-T 

1B57 

1B62 

(Series) 

1B63A 

Receiring  types  ore  listed  in  upper  section,  transmitting  types  below.  This  preferred  list,  doted  Ian.  28,  1947,  supersedes  the 
previous  list  dated  Not.  1.  1945  and  published  in  the  March  1946  ELECTRONICS,  p  300.  The  purpose  of  the  list  is  to  effect  on 
eventual  reduction  in  the  variety  of  tubes  used  in  Service  equipment.  It  is  mandatory  that  oil  tubes  to  be  used  in  aU  future 
design  of  new  equipments  under  the  Jurisdiction  of  the  Army  laboratories  or  the  Novy  department  be  chosen  from  this  list.  Pro¬ 
visions  ore  made  for  certain  exceptions,  however.  For  permission  to  use  other  tubes  in  Army  equipment,  write  to  the  Army 
Laboratory  concerned  vrith  such  equipment;  for  Navy  equipment,  write  to  Electronics  Division,  Bureau  of  Ships,  Code  930-A,  Navy 

Department.  Washington,  D.  C. 
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SINTERED 


REAL  ECONOMY 
FOR  SMALL  SIZES 
AND  ODD  SHAPES 


• .  .  BETTER  UNIFORMITY  CHARACTERISTICS,  GREATER  MECHANICAL  STRENGTH 


Here  is  new  help  on  permanent  magnet  problems from  one 
of  the  largest,  oldest  and  most  widely  experienced  producers 
of  molded  and  sintered  components  in  the  industry. 

Stackpole  '*‘Ainico  II  offers  notable  economy  in  the  pro* 
duction  of  units  up  to  two  ounces.  Odd  shapes  are  a  specialty. 
Engineering  recommendations  based  on  your  requirements 
gladly  submitted. 

STACKPOLE  CARBON  COMPANY,  ST.  MARYS,  PA. 


BRUSHES  and  CONTACTS  (all  carbon,  graphite,  metal  and  composition  types) ^IRON  CORES— RARE 
METAL  CONTACTS  —  RHEOSTAT  PLATES  AND  DISCS  —  CHEMICAL  CARBONS — WELDING  AND  BRAZING 
CARBONS — MOLDED  PUMP  and  FLUID  DRIVE  SEALS  — CARBON  RHEOSTAT  PILES  —  COIL  FORMS,  etc.,  etc. 
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TUIES  AT  WORK 

(continiMd  from  p  1)4) 


as  would  be  the  case  with  appre¬ 
ciable  stray  .coupling. 

The  noise  limiter  is  the  double¬ 
action  automatic  threshold  type. 
Even  though  the  threshold  is  raised 
when  the  beat  oscillator  is  turned 
on,  the  limiter  is  effective  on  noise 
encountered  during  code  reception 
due  to  its  double  action  type  of 
operation.  A  control  on  the  front 
panel  is  used  to  adjust  the  threshold 
at  which  limiting  action  starts.  The 
NC-173  covers  the  frequency  range 
from  640  to  31,000  kc,  plus  the 
range  from  48  to  56  me. 

Electronic  Speed  •Cop 

Latest  “miracle”  of  electronics  to 
develop  from  radar  techniques  is 
a  speed  meter  that  operates  on  the 
principle  that  a  radio  wave  reflected 
from  a  moving  target  will  shift 
wavelength  proportional  to  speed  of 
movement  of  the  target.  Micro- 
wave  energy  is  radiated  from  the 
antenna  unit,  a  portion  of  the  en¬ 
ergy  striking  the  surface  of  the  ve¬ 
hicle  and  being  reflected  back  to  the 
unit.  The  direct  and  the  reflected 
signals  are  received  and  mixed,  and 
the  output  signal  contains  the  dif¬ 
ference  frequency  which  is  directly 
proportional  to  the  vehicle  speed  in 
miles  per  hour.  This  speed  is  read 
on  the  linear  scale  of  the  meter,  cali¬ 
brated  in  miles  per  hour. 

The  operating  zone  normally  ex¬ 
tends  about  150  feet  in  front  of  the 
antenna.  Speed  range  of  the  S-1 
model  is  0  to  100  miles  per  hour, 
accuracy  being  within  2  miles  per 
hour  throughout  the  range. 

A  spring-wound  graphic  recorder 


See  SGOVIUI 


COlO-fORG® 


Look  at  the  fastenings  you're  now  using— and  see  if  they're 
the  best  for  the  job.  Get  better  results— at  less  cost— with 
modern  fastenings.  |f  you  use  fastenings  in  large  quantities, 
it  will  pay  you  to  find  out  what  Scovill  can  do  for  you.  Fill 
out  ond  mail  the  coupon  below— nowf 


QUALITY  FASTENERS 
FOR 

QUANTITY  CUSTOMERS 


MAIL  COUPON  TOOAYI 


'  WATERVaiE  , 

1  y/ATERValE  .  ,„formolion  on. 

□  Scovitl  R"  “  j,c4D  Screy**  . 

NAME— - ■  ""  _ _ ^ 


The  electronic  speed  cop  is  pointed  at 
advancing  or  receding  traffic  to  provide 
direct  reading  of  vehicle  speeds 
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kosher  permanently  fastened  on,  yet 
free  to  rotate  Easier,  faster  driving. 
No  fumbled,  lost  or  forgotten  washers. 
Matching  finish  on  both  pa.ts.  Easier 
ordering  and  balanced  inventories. 


Increase  assembly  speed  up  to  50%! 
Cuf  down  injuries  to  workers  with  no 
burrs,  no  skids.  Reduce  production  costs. 
Reduce  rejects!  Improve  product  ap¬ 
pearance!  Go  modern  with  Phillips! 


The  latest  type  recessed-head  screw 
Screw  locks  on  driver.  Can't  fall  off 
No  screw-driver  slippage.  Easy  to  as 
semble.  Exceptional  driver  life.  Ordi 
nary  screw-driver  may  also  be  used. 


Scovill  is  expert  in  cold-forging  unusual 
special  fastenings,  such  as  the  one 
shown.  Scovill  designing  ability,  engi¬ 
neering  skill,  men  and  machines  save 
money  for  customers.  Consult  Scovill! 


Kodak 


Inilustry’s 
X-ray  Answer  Book 


•  Do  you  have  questions  about  radiographic  practice?  Here’s  a 
book  that  will  help  you  answer  them  . . .  quickly,  authoritatively. 

It  contains  122  pages  of  up-to-date  data  on  such  topics  as 
radiography’s  function  in  industry;  x-ray  generating  apparatus; 
factors  governing  exposure;  the  arithmetic  of  exposure;  sensi¬ 
tivity  and  detail  visibility;  special  technics . . .  and  many  more 
subjects  just  as  vital  in  radiation  theory  and  practice. 

This  important  new  book  on  radiography  is  packed  full  of 
excellent  illustrations  ...  64  descriptive  photographs  ...  38  color¬ 
ful  drawings  ...  44  clearly  presented  tables  and  charts  ...  all 
newly  published.  It  will  provide  you  with  many  answers  ...  on 
where  and  how  to  use  the  radiographic  process  .  .  .  how  to  get 
the  best  out  of  your  x-ray  equipment. 

Only  $3.  Order  your  copy  from  your  local  x-ray  dealer! 

Eastman  Kodak  Company,  Rochester  4,  N.  Y. 


Metallurgists,  foundrymen,  weld¬ 
ers,  radiographers,  designers,  en¬ 
gineers,  production  and  quality- 
control  engineers . . .  here’s  a  new 
book  you’ll  want  to  study.  It*s  a 
text  of  modern  industrial  x-ray 
practice  .  .  .  the  most  complete 
treatment  of  the  subject  yet  pub¬ 
lished.  Price  $3. 


another  important  function 
of  photography 


MANUFACTUR  I  NG 

COMPANY 


ShalUross  Combined  Kelvin- 
Wheatstone  Bridge 

Save  time  and  money  by  mak- 
ing  both  low  and  high  resistance 
measurements  with  this  single  port- 
able  and  highly  durable  instrument. 

Ideal  for  production,  field  or  lab- 
oratory  work  that  requires  a  de- 
pendable  instrument  of  a  type  that 
doesn’t  have  to  be  kept  under  lock  '  ^ 

and  key  because  of  extreme  deli-  HEADQUARTERS  FOR 
cacy  and  high  cost. 

Used  as  a  Wheatstone  Bridge 
for  measurements  between  1  ohm 
and  1  megohm,  normal  accuracy 
is  better  than  0.3%.  Low  resistance 
measurements  on  the  Kelvin  range 
utilize  current  and  potential  ter¬ 
minals  to  eliminate  lead  and  con¬ 
tact  resistance.  Kelvin  measurement 
accurqcy  is  3  ®/o  or  better,  which  is 
satisfactory  for  most  all  low  resist¬ 
ance  measurements.  Write  for  the 
Shallcross  D-C  Bridge  Bulletin. 


Shallcross  Kilovoltmeters, 
Kilovoltmeter  Multipliers 
and  Corona  Protected  Re¬ 
sistors  ore  available  in 
types  for  practically  all 
high-voltage  test  and 
measurement  purposes. 
Special  high-voltage  in¬ 
struments  designed  to 
match  your  needs.  Write 
for  Shallcross  Bulletin  F. 
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TUIES  AT  WORK  (continuad) 

may  be  plugged  into  an  auxiliary 
circuit  and  will  furnish  a  graphic 
record  of  the  speed  of  the  moving 
vehicles.  This  operates  at  a  speed  of 
1.5  inches  per  minute  and  holds  100 
feet  of  tape. 

The  instrument  has  numerous  ap¬ 
plications  in  traffic  engineering 
studies  and  also  in  the  police  field. 

As  designed  by  engineers  at 
Automatic  Signal  Division  of  East¬ 
ern  Industries,  Inc.  of  Norwalk, 
Conn.,  the  meter  operates  either 
from  a  6-volt  automobile  battery  or 
a  116-volt  60-120  cycle  power  supply. 
The  current  drain  from  a  storage 
battery  is  about  8  amperes  and  the 
a-c  power  rating  is  approximately 
60  watts.  • 

Since  the  speed  meter  radiates  en¬ 
ergy,  it  is  necessary  that  a  station 
license  be  obtained  from  the  FCC. 
An  operator’s  license  is  not  required 
for  an  authorized  employee  to  use 
the  meter  within  the  territory  of 
the  applicant,  but  the  Commission’s 
regulations  require  that  only  the 
holder  of  at  least  a  second-class 
license  may  adjust  or  service  the 
equipment. 


Electronic  Micrometer  Uses 
R-F  Energy 

An  electronic  micrometer  used  to 
measure  the  displacement  of  a  six- 
inch  turbine  shaft  in  its  journal  is 
so  sensitive  that  a  deflection  of  0.01 
inch  of  the  center  of  the  shaft  pro¬ 
vides  a  two-inch  movement  of  the 
center  spot  on  a  cathode-ray  tube. 
Readings  to  0.001  inch  are  easily 
obtained  and  the  indication  on  a 
meter  is  linear  to  within  a  fraction 
of  one  percent. 

Developed  by  M.  L.  Greenough 
of  the  National  Bureau  of  Stand¬ 
ards,  the  instrument  was  primarily 
designed  to  afford  a  means  for 
measuring  thickness  of  the  oil  film 
in  the  bearings  of  a  large  Navy 
turbine  shaft. 

The  circuit  of  the  unit  utilizes 
the  fact  that  r-f  energy  radiated 
from  a  coil  is  at  zero  at  the  surface 
of  a  perfectly  conducting  shield  ad¬ 
jacent  to  that  coil.  This  phenome¬ 
non  occurs  because  the  eddy  cur¬ 
rents  set  up  in  the  shield  by  the 
field  of  the  radiating  coil  create 
their  own  opposing  magnetic  field 
at  the  surface  of  the  shield.  The 
opposing  field  exactly  cancels  the 
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AS  WELL  AS 


Photo— Courttsy  D.  W.  Onan  and  Sons,  tnc. 


SPEEDS  ASSEMBLY  ...  INCREASES  INSULATION  PROTECTION 


The  smooth  inside  surface  of  IRV-O-VOLT 
tubing  speeds  assembly,  even  with  stranded 
wire,  and  cuts  production  time  and  cost.  In 
addition,  the  light  inside  varnish  coating 
provides  a  margin  of  moisture  and  insulation 
protection  should  the  outside  varnish  coating 
become  chafed.  IRV-O-VOLT  tubing  is 
mechanically  strong  and  flexible;  it  cuts  clean 
and  the  cut  ends  remain  smooth  and  unfrayed. 
Because  of  the  inside  varnish  coating,  wicking 
action  of  the  fabric  base  is  eliminated  when 
tubing  is  used  with  oil  in  transformers. 

IRV-O-VOLT  tubings  are  fabricated  with 
specially  formulated  Irvington  varnishes  skill¬ 
fully  applied  to  selected,  accurately  rounded 


cotton,  rayon,  or  Fiberglas  tubular  braid.  They 
have  high  dielectric  strength  .  .  .  withstand 
continuously  high  temperature  .  .  .  and  are 
extremely  resistant  to  oil,  and  moisture. 
Because  "it’s  the  varnish  that  insulates” 
lRV~0-VOLT  tubings  possess  the  excellent 
electrical  characteristics  and  long  life  common 
to  all  Irvington  flexible  varnished  insulations. 

Each  grade  of  IRV-O-VOLT  varnished  tub¬ 
ing  and  saturated  sleeving  meets  its  respective 
A.S.T.M.  specification  and  Varnished  Tubing 
Association  Standard. 

Generous  samples  of  Irvington  Varnished 
Tubings  and  Sleevings  —  and  also  lacquer- 
coated  tubings  —  will  be  sent  on  request. 
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TUBES  AT  WORK  (continued) 

incident  field  at  the  surface  of  the 
metal  plate. 

Moving  the  pickup  coil  away  from 
the  shield,  in  the  direction  of  the 
radiating  coil,  allows  it  to  pick  up  a 
certain  amount  of  energy  because 
the  radiated  field  becomes  stronger 
while  the  field  set  up  by  the  cur¬ 
rents  of  the  shield  becomes  weaker 
due  to  the  change  in  distance.  This 
condition  becomes  more  marked  as 
the  distance  between  the  pickup 
coil  and  the  shield  increases. 

The  metal  background  is  not  a 
perfect  conductor  and  the  coil  has 
measurable  thickness  so  a  minimum 
reading  is  obtained  when  the  pickup 
coil  is  in  contact  with  the  metal 
background.  Correction  is  made  by 
addition  of  a  third  coil  which  per¬ 
mits  a  zero  reading  to  be  obtained. 

Radio-frequency  current  is  ap¬ 
plied  to  the  radiating  coil,  and 
when  the  micrometer  is  held  at 
some  distance  from  any  metallic 
object,  the  field  from  the  radiating 
coil  induces  voltage  in  the  pickup 
coil,  which  is  measured  either  on  an 
oscilloscope  or  a  meter. 

For  use  as  a  micrometer,  the  coil 
assembly  is  mounted  on  a  movable 
shaft  so  that  it  can  approach  or 
recede  from  a  metallic  plate.  The 
material  to  be  measured  is  placed 
between  the  pickup  coil  and  the 
metallic  plate  and  pressed  lightly 
between  them.  When  the  material  is 
removed,  the  amount  of  current 
generated  in  the  pickup  coil  is  an 
indication  of  the  thickness  of  the 
material  which  occupied  the  space. 
Calibration  of  the  meter  is  made 


Conslanl  plating  thickness 
assures  uniform  signal 
^  Correct  balcmce  of  magnetic 
properties  assures  good 
frequency  response  and  high  level 
^  Excellent  surface  finish  assures 
low  noise  and  minimum  wear 
^  Corrosion  resistant 
Easy  to  handle — ductile 
— con  be  knotted  i 


Of  principal  interest  are  their 
excellent  electrical  characteristics, 
extreme  simplicity  of  design 
to  avoid  trouble,  and  the"hum-bucking‘ 
characteristics,  which  reduce 
the  effect  of  extraneous  magnetic 
fields.  When  required,  the 
head  cartridge  alone  (pole  piece  and 
coil  unit)  may  be  supplied  for 
^^incorporation  into  manufacturers'  . 
own  head  structure. 


HysterrsU  loop  of 
Brush  plotod  wiro. 


Cross  soclioa  of 
Brush  plolod  wire. 


Ths  now  Brush  wiro 
rocordinq  hood. 


d*T*lopm*nls  in 

magnatic  recording 

•quipmont  con  now  bo  obtained  for 

radio  combinations  and  other  uses. 

Brush  engineers  ore  ready  to 

assist  you  in  your  particular  use  of 

magnetic  recording  components. 


Thickness  of  a  paint  spot  is  measured 
with  the  electronic  micrometer  by  its  de¬ 
signer  M.  L.  Greenough  of  the  Notional 
Bureau  of  Standards  electronic  instruments 
laboratory 


The  Brush  Development  Co. 

3405  Perkins  Avenue  •  Cleveland  14,  Ohio 
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Lead-In  Lines  Play  an  Important 
Part  in  Television  Reception 


The  effects  of  attenuation  and  impedance  mismatch 
on  FM  and  Television  reception  are  minimized  by 
Anaconda  Type  ATV*  lead-in  lines. 

The  satin-smooth  polyethylene  insulation  of  Type 
ATV  line  sheds  water  readily,  thus  avoiding  subse¬ 
quent  impedance  discontinuities.  This  material  also 
has  exceptionally  high  resistance  to  corrosion.  Count 
on  Anaconda  to  solve  your  high-frequency  transmis¬ 
sion  problems— with  anything  from  a  new-type  lead-in 
line  to  the  latest  development  in  coaxial  cables. 

*/4m  Amtcond*  Tradt-Msrk 


A  Type  ATV 

for  Every  Need  ^ 


Anaconda  offers  a  complete  selection  of  Type  ATV 
lead-in  lines  for  75,  125,  150  and  300  ohms  imped¬ 
ance  unshielded  and  150  ohms  shielded.  For  an 
electrical  and  physical  charaaeristics  bulletin,  write 
to  Anaconda  Wire  and  Cable  Company,  25  Broad¬ 
way,  New  York  4,  N.  Y. 
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2  MINUTES  vs.  2  SECONDSI 


Right  before  your  eyes  is  visual  proof  of  how  much  assembly 
time  con  be  cut.  Each  of  the  many  light  streaks  in  the  first 
photo  traces  another  time>taking  arm  motion,  increasing 
fatigue  and  reducing  efficiency.  In  the  second  photo,  one 
Waldes  Truarc  Retaining  Ring  replaces  six  screws  and  a 
collar.  The  assembler  uses  one  tool— a  pair  of  Truarc  pliers. 
The  single  light  streak  means  one  arm-motion.  Less  time  is 
required  for  job-training,  because  Truarc  guarantees 
accurate  relationship  of  parts  regardless  of  the  skill  of  the 


assembler.  Truarc  means  lighter  weight,  less  bulk.  Production 
and  maintenance  men  find  Truarc  Rings  cut  labor  and 
material  costs  wherever  they’re  used.  Their  unique  taper 
design  assures  constant  circularity.  Their  never-failing  grip 
does  a  better  job  of  holding  machine  parts  together. 

There  are  different  Truarc  rings  for  different  applications: 
see  what  can  be  done  for  your  product.  Send  your  drawing 
to  Waldes  Truarc  Technical  Service  Engineers  for  individ¬ 
ual  attention,  without  obligation. 


WALDES 

mm 


lt«o.  U.S.Pat.Off. 


RETAINING  RINGS 


\  *Mail  Ihk  eovpoti  today  for  your  copy  of 

\  "Now  DovolopmoM  m  Hotamiog  Kmg$" 

Waldes  Kohinoor,  Inc.,  47-10  Anstel  Place  ISQ 

Long  Island  City  1,  N.  Y. 

Please  send  booklet,  "New  Development  In  Retaining 
Rings"  toi 


I  Company _ 

!  Bnsiness  Address 


WALDES  KOHINOOR,  INC.,  LONG  ISLAND  CITY  l,  NEW  YORK 
Canadian  Diatiib.:  Controlite  Engineering  &  Salea  Ltd.,  20  Bloor  Street  W.,  Toronto  5 
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ELECTRONIC  VOLTMETER 


DECADE  AMPLIFIER 


MOt>EL  100 
ELECTRONIC 
VOLTMETER 


MODEL  770 
DECADE 
AMPLIFIER 


tine*  1935 

Mm  only  VOLTMETER 
foaturin9  a  •ImpliRod 
LOGARITHMIC  SCALE 


MODEL  402 
MULTIPLIER 


10  MICROVOLTS 
to  10,000  VOLTS 


BlLLiUiyi  iU  UPHL —  Ihis  enor- 
mous  range  of  AC  voltages  —  is  easily 
covered  by  the  Model  300  Voltmeter, 

Model  220  Decade  Amplifier  and  Model  402 
Multipliers  illustrated  above.  The  accuracy  is 
2%  at  any  point  on  the  meter  scale,  over  a  fre¬ 
quency  range  of  10  cycles  to  150  kilocycles.  The 
Model  300  Voltmeter  (AC  operated)  reads  from 
.001  volt  to  100  volts,  the  Model  220  Amplifier 
(battery  operated)  supplies  accurately  standard¬ 
ized  gains  of  lOx  and  lOOx  and  the  Model  402 
Multipliers  extend  the  range  of  the  voltmeter  to 
1,000  and  10,000  volts  full  scale. 

Descriptit'e  Bulletin  No.  10  Available 


BALLANTINE  LABORATORIES,  INC 

BOONTON,  NEW  JERSEY,  U.S.A. 


TUBES  AT  WORK  (continued) 

in  thousandths  of  an  inch  to  give 
a  direct  measure  of  distance  or 
thickness. 

To  measure  the  displacfement  of 
the  turbine  shaft  in  its  journal, 
four  of  the  coil  units  were  spaced 
equally  around  the  turbine  shaft. 
Each  coil  unit  is  about  i  inch  in 
diameter  by  i  inch  in  length  and  is 
able  to  measure  distances  from  zero 
to  0.02  inch. 

The  coil  unit  can  also  be  employed 
in  a  phonograph  pickup.  Then  the 
vibration  of  a  flat-plate  armature 
fastened  to  the  needle  causes  a 
change  in  the  position  of  this  ar¬ 
mature  with  respect  to  the  pickup 
coil.  The  modulated  output  may  be 
rectified  and  fed  info  an  amplifier 
for  reproduction.  In  a  test  of  this 
arrangement,  a  455-kc  signal  was 
fed  into  the  i-f  stages  of  a  conven¬ 
tional  superheterodyne  and  satis¬ 
factory  operation  obtained. 

If  vibrations  adjacent  to  the 
pickup  coil  are  created  by  a  metallic 
diaphragm,  and  the  movement  of 
this  diaphragm  in  turn  causes  fiuc- 
tuations  in  the  output  of  the  pickup 
coil  a  microphone  can  be  made. 

The  coil  unit  may  be  also  used 
as  a  thermometer.  A  strip  of  bi¬ 
metal  of  convenient  length  is  so 
mounted  that  it  extends  in  a  path 
parallel  to  the  end  plane  of  the 
pickup  coil,  positioned  closely  adja¬ 
cent  to  that  coil.  As  the  bi-metal  bar 
bends  in  accordance  with  heat,  its 
free  end  is  brought  closer  to  or 
farther  from  the  pickup  coil  and 
an  indication  is  given  on  a  meter 
calibrated  in  degrees. 

For  use  as  a  tachometer  or  speed 
indicator,  the  end  plate  of  a  flyball 
governor  may  be  so  mounted  as  to 
approach  or  recede  from  the  pickup 
coil  as  the  speed  of  the  rotation  of 
the  governor  increases  or  decreases. 
Many  other  uses  of  the  unit  will 
probably  be  found. 

Shunt-Fed  Wing  Antenna 

A  NEW  system  of  external  antenna 
wiring  for  airplanes  which  will  help 
to  eliminate  radio  static  under  in¬ 
clement  weather  conditions  has  been 
announced  by  Air  Material  Com¬ 
mand  engineers  at  Wright  Field. 

Present  exterior  antennas  inter¬ 
rupt  the  sleek  contours  of  airplanes 
designed  for  supersonic  speeds,  in¬ 
crease  the  drag  which  cuts  down 
the  speed,  and  present  protruding 
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VACUUM 

#%A|.YES 


For  further  information  on  Solenoid 
High  Vacuum  Volvot  write  — 


Industrial  high  vacuum  processes  . . .  the  manufacture  of 
refrigeration  units,  electronic  tube  production  using  trolley 
exhaust  systems  and  rotary  machines  .  .  .  demand  maximum 
efficiency.  Elimination  of  manual  control  with  its  waste  of 
time  and  labor  can  be  a  large  part  of  the  solution. 

The  new  DPI  Solenoid  High  Vacuum  Valves  provide  instant 
finger-tip  control  over  high  vacuum  systems.  They  constitute  a 
•  positive  advance  toward  fully  automatic  control  of  high 
vacuum  production.  What  savings  they  can  deliver  in  time 
and  effort,  and  how  far  they  can  “close  the  gap,”  can  be  de¬ 
termined  only  after  individual  study. 


So/«fiOfd  High  Vocuum  Va/vc 
no  Vohs  D.  C 


Vacuum  Equipment  Division 

DISTILLATION  PRODUCTS,  INC. 

Rochester  13,  N.  Y. 
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TURN  TO  TURNER-THE  PASSWORD  TO  SOUND  PERFORMANCE 


TUKS  AT  WORK  ^  (continuad) 

surfaces  which  tend  to  pick  up  ice 
in  icing  conditions.  Because  of  this 
it  has  become  necessary  to  devise 
new  types  of  radio  antennas. 

Exciter  coils  are  installed  be 
tween  the  inboard  engines  and  fuse¬ 
lage  that  energize  the  entire  wing 
structure  so  that  the  wing  itself 
acts  as  an  antenna.  Operation  is 
superior  to  the  standard  wire  an¬ 
tenna  that  stretches  from  vertical 
stabilizer  to  cowl  or  the  trailing 
wire  antenna.  These  two  standard 
types  of  antennas  prevent  drag,  ic¬ 
ing,  and  oscillation  problems.  Icing 
and  oscillation  of  the  unstabilized 
wire  antennas  bring  about  a  frying- 
egg  sound  in  receivers. 

Another  experimental  antenna  in¬ 
stallation  recently  made  by  Wright 
Field  engineers  is  a  flush-mounted 
slit  antenna  at  the  side  gunner’s 
position  of  a  B-17,  which  would  be 
adaptable  to  most  types  of  aircraft. 
This  installation  is  intended  for  use 
with  homing  devices  installed  in 
aircraft. 


MODEL  33 


Shore-Based  Radar  for 
Port  of  Liverpool 

Precision  3-cm  radar  with  a  sector¬ 
scanning  antenna  having  a  bearing 
discrimination  of  better  than  1  de¬ 
gree  is  now  being  constructed  by 
Sperry  Gyroscope  Co.  Ltd.  of  Eng¬ 
land  for  installation  at  Gladstone 
Dock  in  Liverpool.  Operation  is 
scheduled  to  begin  in  the  spring  of 
1948.  The  equipment  will  serve  for 
harbor  supervision,  showing  the 
exact  positions  at  any  instant  of  all 
ships  in  the  channel  approaches  and 
their  relationship  to  all  buoys  in  the 
Liverpool  Bay  area  under  all 
weather  conditions. 

The  control  console  will  have  five 
cathode-ray  displays  arranged  in 


MODEL  9 


WITH  MICROPHONES  BY  TURNER 

The  smooth  performance  and  rugged  depend¬ 
ability  of  Turner  Microphones  are  the  result  of 
sound  engineering,  highest  quality  materials,  and 
faultless  workmanship. 

For  voice  and  music,  for  voice  alone,  or  for 
any  special  sound  application  rely  on  Turner  for 
greater  satisfaction.  Turner  engineers  will  be  glad 
to  make  impartial  suggestions  as  to  the  right  type 
microphone  for  your  particular  job. 

ASK  YOUR  DEALER  OR  WRITE 


905  17th  Street  N.  E.  •  Cedar  Rapids,  Iowa 


Control  console  oi  Lirerpool  harbor  radar. 
The  preeentatione  on  the  {Ito  cathode-ray 
tubes  will  permit  talking  ships  up  and 
down  the  winding  approach  channel  by 
radiotelephone  in  the  thickest  fogs 


LICENSED  UNDER  U.  S.  PATENTS  OF  THE  AMERICAN  TELEPHONE  AND 
TELEGRAPH  COMPANY.  AND  WESTERN  ELECTRIC  COMPANY,  INCORPORATED. 
CRYSTALS  LICENSED  UNDER  PATENTS  OF  THE  BRUSH  DEVELOPMENT  CO. 
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TUBES  AT  WORK  (continutd) 

logical  relation  to  each  other.  The 
first  will  show  the  entire  scanning 
sector  for  the  20-mile  range  of  the 
equipment,  and  the  next  four  will 
each  show  in  enlarged  form  a  pre¬ 
cision  picture  in  the  limited  arc  and 
range  corresponding  to  the  portion 
of  the  Channel  being  monitored. 
Buoys  and  other  fixed  navigational 
marks  will  be  plainly  indicated  on  a 
chart  in  front  of  each  tube  so  that 
identification  of  echoes  from  these 
objects  is  rapid  and  unmistakable. 
Rectangular  grid  lines  over  each 
display  enable  the  grid  reference  of 
a  new  echo  to  be  read  directly  for 
locating  the  position  of  any  vessel 
on  a  chart  having  corresponding 
grid  lines.  Such  date  can  be  com¬ 
municated  directly  to  any  vessel  by 
radio,  for  navigational  guidance 
during  poor  visibility.  Drifting 
buoys  can  be  detected  quickly  on  the 
radar  screens,  eliminating  the  need 
for  routine  checks  by  a  tender  and 
staff. 

The  antenna  scanner  unit  will  be 
mounted  on  the  roof  of  a  cabin  atop 
an  80-foot  steel  tower,  with  the  re¬ 
mainder  of  the  equipment  in  a 
building  at  the  foot  of  the  tower. 
Provisions  are  made  for  addition  of 
remote  displays  later. 

This  harbor  radar  installation  is 
expected  to  be  of  most  value  during 
thick  weather  that  would  otherwise 
neutralize  the  port  facilities.  By 
using  radiotelephone  and  radar  to¬ 
gether  to  talk  ships  into  and  out  of 
the  port  during  fog,  much  as  planes 
are  brought  down  through  fog  by 
GCA,  ship  turn-around  time  can  be 
made  more  nearly  independent  of 
visibility  conditions.  To  the  ship¬ 
owner  this  can  often  mean  the  dif¬ 
ference  between  the  financial  suc¬ 
cess  or  failure  of  a  voyage. 


FEATURES 

FOR  SMOOTH  PERFORMANCE 


You’ll  gain  highly  pleased  customers 
when  you  equip  your  phonographs  with 
Smooth  Power  MX  Motors.  That’s  be¬ 
cause  of  finer  performance  given  by: 

1.  AMPLE  POWER  AT  CONSTANT  SPEED  .  .  .  •limi- 
ncrt«(  instantaneous  speed  variations. 

2.  SUPERIOR  IDLER  ARRANGEMB4T  . . .  permiH  Idler 
pulley  to  move  smoothly  and  quietly  in  any  horisontal 
direction  with  no  vertical  wobble. 

3.  LOW  RUMBLE  LEVEL . . .  obtained  by  scientific  noise 
elimination,  accurate  balancing  and  adequate  cush¬ 
ioning. 

4.  ANTI-FRICnON  BEARING  CONSTRUCTION  .  .  . 
precision-cost  bearing  brackets  maintain  accurate 
centering  of  shaft  in  bearing  and  rotor  in  field. 

5.  NO  EXTERNAL  MOVING  PARTS  .  .  .  internal  fan 
provides  adequate  cooling,  simplifies  shipping  and 
installation. 

Plan  now  to  give  your  customers  that 
smoother,  finer  performance  that’s  a 
“natural”  with  Smooth  Power  Motors. 

Send  for  details  on  the  complete 
Smooth  Power  line  of  phonomotors, 
recorders  and  combination  record-chang¬ 
er  recorders.  They’ll  make  friends  for 
your  products. 


GMMd  Rim  Drive,  ffeovy  Dufy 
Efectric  kmeordmg  Motor 


GI-liC130  Comblnotiofi  Record- 
Changer  Recorder 


British  MetahSpray  Circuits 

By  F.  R.  Brewster 
McOrato-Hill  World  Nevt 
London^  England 


A  METHOD  of  spraying  metal  for 
electrical  circuits  of  radio  and  tele¬ 
vision  receivers  has  been  success¬ 
fully  developed  by  a  new  British 
firm  headed  by  the  inventor,  John 
A.  Sargrove.  The  method  involves 
metal-spraying  both  faces  of  a  flat 
plastic  base  molded  with  recesses 
and  webs  so  shaped  that  the  filler 
metal  performs  the  functions  of 
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MEYERCORD  DECALS 


YOUR  DEALER’S  NAME 
ON  YOUR  PRODUCT  HELPS 
HIM  MAKE  MORE  SALES 

Most  consumers  buy  durable 
goods  from  dealers  .  .  .  not 
manufacturers.  When  the  need 
for  service,  parts  or  re-purchase 
occurs,  it  isn’t  the  distant  fac¬ 
tory  but  the  dealer  who  gets 
the  call. 

Manufacturers  can  provide 
pool-purchased  standard,  per¬ 
sonalized  dealer  Decal  name¬ 
plates  to  their  outlets  at  a  sav¬ 
ing  of  80%  over  former  prices 
. . .  and  at  no  cost  to  themselves. 


Today  .  .  .  combination  “factory-dealer”  Decal  nameplates  link  John 
Deere’s  trademark  with  their  dealer’s  name,  address  and  phone  number 
on  the  equipment  they  sell.  Formerly  a  few  scattered  dealers  bought 
their  own  Decal  nameplates.  Relatively  high  cost  of  small  individual 
dealer  purchases  limited  the  practice  to  only  the  largest.  There  was  no 
uniformity  of  design.  Nameplates  varied  with  each  dealer.  Few  included 
the  manufacturers’  name. 

Pooled  factory  buying,  stimulated  by  direct  mail  to  dealers,  now 
enables  John  Deere  to  sell  a  standard,  personalized  Meyercord  Decal 
dealer  nameplate  to  their  outlets  at  a  fifth  of  the  former  cost.  It  costs 
the  factory  nothing— saves  the  dealer  80%. 

Whether  you  make  farm  equipment,  stokers,  lawnmowers,  electric 
appliances  or  what— the  problem’s  the  same.  Of  course  your  product 
is  factory  identified— but  what  about  the  dealer?  Is  he  anonymous? 
Assure  ease  and  speed  of  dealer  contact  for  your  ultimate  consumer  with 
a  standard,  personalized  factory-controlled  Meyercord  Decal  dealer 
nameplate  program  for  your  product.  Meyercord  Decals  are  durable, 
easily  applied  and  can  be  produced  in  any  colors,  size  or  design.  Send 
for  complete  “dealer  identification”  details.  Address  Dept.  9-7. 

^  NOTE:  The  big,  colorful,  weather-resistant  Decal  trademarks  you  see 
m  on  leading  makes  of  farm  equipment  today  are  made  by  Meyercord. 


International  Harvester,  Oliver 
end  J.  J.  Case  solve  the  problem 
of  the  “anonymous  dealer"  with 
Pool-purchased  standardised 
dealer  Decal  nameplates,  loot 


y^MEYERCORD^ 

World'i  Largeit  Dvtal  Manufaeturtr 


CHICAGO  44  ILL 


APVERTISE  •  IDENTIFY  •  DECORATE  •••  WITH  MEYERCORD  DECALS 
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TUBES  AT  y\^ORK 


(continiMd) 


Two  tub*  mediam-woTo  rocoiTor  mad*  by 
■praying  motal  Into  recoflSM  in  o  plastic 
bOM 


wires,  resistors,  inductances,  and 
capacitor  plates. 

At  present  the  method  is  being 
applied  to  the  manufacture  of  radio 
receivers,  all  the  electronic  circuits 
of  which  are  turned  Tout  complete  as 
a  single  unit,  requiring  only  the  in¬ 
sertion  of  tubes  and  electrolytic  ca¬ 
pacitors  in  their  appropriate  hold¬ 
ers,  mounting  the  loudspeaker,  and 
assembling  the  chassis  in  the  cab¬ 
inet.  The  process  could  be  used 
equally  well  to  produce  separate  ele¬ 
ments  for  each  main  part  of  the 
circuit  such  as  r-f,  i-f,  and  output 
stages,  these  units  then  being 
mounted  together  one  above  the 
other  on  metal  rods.  By  suitable  de¬ 
sign  of  the  circuits  and  by  metal- 
izing  the  holes  through  which  the 
rods  pass,  connection  between  the 
units  is  obtained.  At  present,  how¬ 
ever,  only  fairly  simple  circuits  for 
medium-wave  receivers  are  being 
made. 

The  production  method  is  com¬ 
pletely  automatic  and  continuous  in 
flow.  The  "plastic  base  pieces  are 
fed  into  the  apparatus  at  one  end 
and  a  completed  element  is  turned 
out  at  the  other  end  every  twenty 
seconds,  after  spraying,  milling, 
lacquering,  and  testing.  Sectional- 
ized  conveyors*  are  employed  and 
each  phase  of  the  production  proc¬ 
ess  is  separated  from  the  next  by 
an  air-lock.  Each  stage  of  the  oper¬ 
ation  is  electronically  controlled 
and  if  any  one  process  fails  or 
lags,  all  other  stages  up  to  that 
point  are  stopped. 


Kinney  High  Vacuum  Pumps  play  an  important  part  in  the  freeze-dry 
process  at  the  new  Streptomycin  Plant  of  Merck  &  Co.,  Inc.  at  Rahway, 
N.  J.  Under  super  sterile  conditions,  vapor  from  the  sublimation  dryer 
is  frozen  in  a  high  vacuum  at  —80  deg.  C.  in  the  condenser  and  removed 
as  snow.  Kinney  Vacuum  Pumps  are  giving  highly 
dependable  service  in  the  production  of  this  and  — 

many  other  pharmaceutical,  food,  optical,  metal- 
lurgical  and  other  products  where  low  absolute 
pressures  must  be  maintained.  Compactly  designed,  1m 

Kinney  Vacuum  Pumps  save  floor  space,  and  their  . 

fast  pump  down  and  low  ultimate  pres- 

shorten  production  time  and  _ 


sures 

reduce  costs.  Kinney  Single  Stage 
Vacuum  Pumps  produce  low  absolute 
pressures  to  10  microns;  Compound 
Pumps  to  0.5  micron. 

Write  for  Bulletin  V45. 


KINNEY  MANUFACTURING  COMPANY 

3565  WA5HINGTON  5T.,  BOSTON  30,  MASS. 

New  York  *  Chicago  *  Philadelphia  *  Los  Angeles  *  San  Francisco 
FOREIGN  REPRESENTATIVES 

GENERAL  ENGtNEERING  CO.  (RAOCLIFFE)  LTD.,  Station  Works,  Bury  Rood,  RodcliFle,  Lancashire,  England 
HORROCKS,  ROXBURGH  PTY.,  LTD.,  Melbourne,  C.  I.  Australia 
W,  S.  THOMAS  &  TAYLOR  PTY.  LTD.,  Johannesburg,  Union  of  South  Africa 


Radar  Signals  Guide 
Missiles  in  Flight 

Modified  from  fire-control  radar,  a 
new  technique  is  now  being  used 
to  control  guided  missiles  and  pilot¬ 
less  airplanes  in  flights  to  target 
areas.  A  B-17  was  used  as  a  missile 


WE  ALSO  MANUFACTURE  LIQUID  PUMPS.  CLUTCHES  AND  BITUMINOUS  DISTRIBUTORS 


ELECTRONICS 


SWITCHES  by  GUARDIAN  for  every  purpose 


Scan  the  brief  pictorial  review  of  Guardian  Contact  Switch  assemblies  shown 
above  and  you  will  probably  see  a  switch  that  is  comparable  to  your  needs. 
Each  unit  represents  a  switch  so  practical,  so  saving  of  assembly  time,  energy, 
materials  and  money,  as  to  be  worthy  of  your  immediate  consideration. 

The  Guardian  Featherub  Switch  is  an  example  of  such  true  efficiency,  it  is 
shown  to  the  lower  right  of  this  page.  An  original  Guardian  creation,  it  is  actu¬ 
ated  mechanically  and  is  adaptable  to  manual,  roll-over  or  cam  action.  The 
Guardian  Featherub  and  all  other  units  shown  are  standard  items.  There  are 
hundreds  of  other  types,  all  of  the  highest  quality.  Contact  blades  are  obtain¬ 
able  in  phosphor  bronze  tinned  to  withstand  salt  spray  test,  also  in  standard 
Guardian  phosphor  bronze.  All  switches  are  properly  insulated.  The  switch 
you  need  is  here  singly  or  in  combination ...  one  or  a  million!  Try  Guardian 
Switches  for  performance,  price  and  delivery. 


Your  cost-free  copy  of  Guardian's  new  Catalog  10- A  is  waiting  *  -  - 

for  you.  Write  on  your  business  letterhead  for  it  today:  GUARDIAN 

FEATHERUB 


SWITCH 


GUARDI  AN^  ELECTRIC 

1625.H  W.  WALNUT  STREET  CHICAGO  12,  ILLINOIS 
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TUBES  AT  WORK  (confinuad) 

during  a  recent  demonstration  for 
high-ranking  Army  officers  by  engi¬ 
neers  of  the  Air  Materiel  Com¬ 
mand’s  electronic  division  who  suc¬ 
cessfully  controlled  the  60-mile 
flight  of  the  aircraft  from  a  posi¬ 
tion  over  Wright  Field  to  a  point 
over  a  selected  target. 

Although  the  plane  was  invisible 
to  the  controlling  engineers  and  in¬ 
specting  officers,  the  course  of  the 
aircraft  was  automatically  plotted 
as  a  red  trace  on  a  map  table  cou¬ 
pled  to  the  ground  radar.  The  radar 
tracked  the  aircraft  throughout  its 
flight. 

Two  switches  on  the  plotting  table 
are  used  to  pilot  the  plane.  These 
switches  vary  the  ground  radar 
pulse  signals.  Manipulation  of  the 
switches  determines  whether  the 
plane  turns  right  or  left,  loses  or 
gains  altitude.  Variations  in  the 
pulse  signals  trigger  a  small  re¬ 
ceiving  set  in  the  aircraft  and  this 
in  turn,  controls  the  operation  of 
the  plane’s  automatic  pilot. 

Engineers  at  Wright  Field  are 
now  at  work  on  designs  of  new  sys¬ 
tems  capable  of  guiding  several 
missiles  simultaneously  and  control¬ 
ling  them  at  extreme  altitudes  and 
extended  ranges. 


Beyond 


We  can  venture  into  the  UNKNOWN  in 
any  branch  of  research  only  as  fast  as  we 
can  MEASURE  each  new  conquest. 


New  Hathaway  instruments  are  being  de* 
veloped  and  standard  designs  are  being 
constantly  improved  to  keep  abreast  of  the 
expanding  demands  of  modern  research. 


Whatever  your  requirements  may  be  in  spe> 
cial  instruments  for  measurement  or  control 
let  Hathaway  instrument  engineers  help  you. 


Radar  Beacon  for 
Lighthouse  Keepers 

A  SMALL  RADAR  beacou  for  light¬ 
houses,  emitting  signals  which  will 
be  detected  by  radar-equipped  ships, 
has  been  built  by  General  Electric 
for  the  United  States  Coast  Guard. 
It  was  tested  at  special  demonstra¬ 
tions  of  merchant  marine  naviga¬ 
tional  aids  in  May  at  New  London, 
Conn. 

The  unit  should  prove  useful  dur¬ 
ing  periods  of  fog,  rain,  snow  and 
sleet  when  normal  sight  and  sound 
warnings  are  limited. 

Signals  from  the  electronic  bea¬ 
con  will  appear  as  a  bright  ray  on 
the  radar’s  indicator  showing  the 
exact  direction  of  the  beacon,  in  the 
same  way  that  the  conventional 
lighthouse  is  located  by  the  beam 
of  light  it  emits. 

Use  of  such  radar  beacons  would 
also  aid  radar  navigation,  especially 
on  coast  lines  where  the  surfaces 
are  flat  and  give  a  poor  radar  re¬ 
flection  on  the  screen  of  existing 


Hathaway  Type  SS-B 
12'element  oscillograph- 
one  of  a  complete  line 
recording  oscillographs 


You  can  rest  assured  that  you  will  find  in 
any  Hathaway  instrument  the  most  advanced 
design,  and  the  most  exacting  craftsmanship. 

WRITE  FOR  TECHNICAL  BULLETIN  SP-16SA 


1315  SO.  CLARKSON  STREET  •  DENVER  10,  COLORADO 
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GLASS 


3.  •  LATROBE,  PA 

Cpbl*  Address  AILAI,  all  codas 


CERAMIC  AND  MANUFACTURING 

IXAOAT  OIPAITMINTt  13  i.  40th  Straat,  New  York  16,  N.  Y 


Kovar  has  gained  world-wide  acceptance  and  is  used  by 
leading  American  and  foreign  manuiacturers.  It  is  easily 
machined  or  cold  formed  and  is  available  in  all  desired 
shapes  -  sheet,  strip,  foil,  wire,  rod,  leads,  tubing,  cups, 
eyelets  and  flanges. 

When  writing  for  literature,  please  state  the  nature  of 
your  proposed  application. 


Kovar  meets  exacting  requirements  for  sealing  to  glass. 

Here  are  a  few  outstanding  features: 

1.  For  use  with  hard  glass,  having  high  thermal  shock 
properties  and  permits  high  temperature  evacuahon. 

2.  Matches  expansivity  of  the  glass  over  entire  tempierature 
range  (up  to  the  plastic  state  of  the  glass)  resulting  in 
strain-free  seals. 

3.  Resists  mercury  attack. 

4.  Not  subject  to  size  limitations  (seals  have  been  made 
with  Kovar  12"  in  diameter  and  y%'  thick). 

5.  Readily  seals  with  simple  oxidation  procedure. 

6.  Mechanical  strength-  full  metal  thickness  without  "feather 
edge." 

'Tiad*  Mark  No. 

StH  STUPAKOFF 
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WHERE  SAFETY  COMES  FIRST! 


in  IT&T  Associile 


Tliese  Fewfol  H-F  Cables 
are  helping  to  make  instivment 
landing  systems  safer. 


. . .  and  you  get  the  same 
dependability  and  performance 
in  Every  Federal  Cable  —  for 
Every  High-Frequency  Application 


At  major  airports  from  coast  to  coast.  Fed  - 
eral’s  high-frequency  cables,  Tyjjes  K-45  and 
K-51,  are  being  used  for  the  most  vital  of  all 
electronic  jobs  —  in  instrument  landing  sys¬ 
tems  for  aircraft!  This  selection  of  Federal 
cables  is  a  recommendation  that  assures  top 
performance  for  all  of  its  varied  uses,  cover¬ 
ing  the  entire  high-frequency  spectrum.  For 
Federal  makes  the  world’s  largest  quantity  of 
high-frequency  cables,  of  greatest  variety. 

Wherever  high-frequencnes  are  used  —  wher¬ 
ever  superior  performance  and  dependability 
are  required  —  you’ll  find  Federal  cables  on 
the  job.  Their  unusually  low  attenuation 
losses  assure  maximum  energy  transfer  with 
minimum  radiation.  And  their  flexibility,  re¬ 
sistance  to  weathering,  abrasion 
and  corrosion,  mean  longer  life, 
even  under  the  most  severe 
i  conditions. 

t  Write  for  Federal’s  latest  bulle- 

—  Dept.  D913. 


DATA  FOR  K.45  AND  K-SI  CABLES 


Namiiral  AManuoNon  (db/IOOfI) 

ol  30  Me . 

100  Me . 

300  Me . 

400  Me . 

1000  Me . 

3000  Me . 

Choraeterutie  Impedanee — Ohm* 
Capaeitanee  per  Foot  (uuF)  .  . 
Volta  (rma) . 


ISOOO 


Federal  Telephone  and  Radio  Corporation 


SELENIUM  ood  INTELIN  DIVISION,  NMO  Passaic  Ava.,  East  Nowork,  New  Jarsey 

la  Canada;  —  federal  Electric  MatHifaelwrina  Company,  lid.,  Montreal. 

Eoport  Oistribators:  ~lnleniational  Standard  Electric  Cerp.,  A7  Brood  St.,  N.Y.C. 


MCCPINtt  FKOKRAI.  VCAKS  ANEAO...is  IT&T's  world-wide 
resoorck  and  en9inoorinQ  orgoniiotion,  of  wbkh  the  Federol 
Telecontmunication  laboratories.  Nwlley.  N.  i.«  Is  a  unit. 


r 

’  APPLICATION 

FEDERAL  H-F  CABLES 
RECOMMENDED 

Aerial  Navigation 

Eqwipmont . 

K-45, 

K-51 

Amofeur  Radio  "Hams" 

K-1046, 

K-49. 

K-1128, 

K-45, 

K-32 

K-38 

Television  and  FM 

Leod-ln . 

KT-51, 

K.I079, 

K-1046 

K-1126 

Microphone  A  PA  Systems  | 

K-115B, 

K-1077A, 

K-102 

Radio  Broadcast 

Equipment . 

K-12, 

K-13, 

K-14 

Aircraft  Antenna  Wire 

K-1064, 

K-1081 

Mobile  Radio  Equipment 

K-12, 

K-14, 

K-IS 

K-45 
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of  3000  revohitidl^  per  minute  or  more, 
when  a  oast  is  excculed/iThese  gears  nrast  also 
withstand  the  strain  of  hauling  in  a  fighting  fish  of 
unpredictable  size  and  strength,  thus  rendering  a  dual 
purpose:  speed  and  velvety  smoothness  in  one 
direction— strength  and  durability  in  the  other. 


TUBES  AT  WORK 


(continued) 


Aircraft  controls,  dental  drills,  electric  clocks, 
gauges,  indicators,  heat  controls,  machine  tools, 
radar,  radios,  washing  machines  and  motion  picture 
projectors  are  but  a  few  of  the  many  conveniences 
of  modern  progress  which  de]>end  upon  the 
heartbeat  of  Quaker  City  Gears.  Your  gear  problem 
is  our  business,  our  large  productive 
capacity  is  at  your  service. 

YOUR  INQUIRIES  WILL  RECEIVE  PROMPT  ATTENTION 

the  Outdoorsman  Caslomatu  1 

;  The  heart  of  the  a 

^aakei  City  Gear  Works 

F  INCORPORATED 

910  N.  Front  Street,  Philadelphia  22,  Pa. 


Aural  Current  Indicator 
By  T.  a.  Ben  ham 

Haverford  College 
Hnrvrfnrd,  Pa. 

The  author,  inconvenienced 
through  lack  of  sight,  has  designed 
a  meter  which  will  enable  a  blind 
person  to  read  accurately  currents 
in  a  circuit  where  the  current  is 
static  or  varies  only  slowly.  This  is 
accomplished  by  clamping  the 
pointer  of  a  more  or  less  conven¬ 
tional  instrument  so  that  the 
pointer  will  not  move  while  being 
felt.  This  is,  however,  too  clumsy 
when  it  is  required  to  tune  a  cir¬ 
cuit  for  a  maximum  or  minimum 
current  or  voltage  condition  since 
it  requires  the  taking  of  a  great 
number  of  readings,  clamping  and 
releasing  the  pointer  each  time. 

Suppose  a  saturable  reactor  hav- 


I  Designed  for  Coast  Guard  by  G-E  engi¬ 
neers,  this  microwaTe  beacon  nets  as  a 
lighthouse  for  radar-equipped  ships 

I  equipment.  Several  units  in  light- 
!  houses  on  the  coast  would  also  give 
I  the  navigator  a  triangular  fix  and 
I  act  as  an  accurate  position-indi- 
^  cator. 

The  transmitter,  oddly  enough, 
I  uses  a  lighthouse  tube  operating  at 
■  3,200  megacycles.  This  feeds  into 
!  an  omnidirectional  vertical  dipole 
antenna  that  resembles  a  police¬ 
man’s  nightstick  in  appearance.  The 
lightweight  transmitter  and  an- 
i  tenna  are  shown  in  the  accompany- 
I  ing  photograph. 


Instruments  and  machines  have  individual  gear 
problems.  For  over  a  quarter  of  a  century,  Quaker 
City  Gear  Works  has  solved  thousands  of  them 
and  produced  millions  of  gears  of 
every  description  up  to  60"  in  diameter 
for  manufacturers  in  many  diversified  industries. 
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Studying  the  output  of  pulsed  oscillators? 


w-««. 


LLY 


WITH  THIS  COMPAa  INSTRUMENT! 


THE  SYLVANIA  SPECTRUM  ANALYSER 

provides  a  convenient  means  of  studying  the 
energy  spectrum  of  microwave  generators  oper¬ 
ating  as  pulsed  oscillators  or  modulated  CW 
oscillators.  The  output  of  magnetron,  klystron, 
rocket  and  similar  tlHF  and  SHF  tubes  can  be 
readily  investigated. 

Essentially,  the  Sylvania  S|)ectrum  .4nalyzer 
consists  of  a  sharply  tuned  superheterodyne  re¬ 
ceiver  with  a  cathode  ray  oscilloscojje  indicator. 
The  instrument  incorporates  a  sawtooth  gen¬ 
erator,  which  performs  the  two  functions  of 
frequency -modulating  the  local  oscillator  and  of 
providing  the  horizontal  sweep  for  the  oscillo¬ 
scope.  Thus  automatic  synchronization  is 
assured  at  all  times. 

An  input  probe  is  provided  for  insertion  into 
cavities  or  wave-guides. 

The  energy  emitted  by  the  oscillator  at  vari¬ 
ous  frequencies  is  displayed  on  the  catho«le  ray 
tube  as  a  pattern  of  vertical  lines.  The  envelope 
of  the  pattern  represents  the  spectral 
distribution. 


The  ^ectrum  .Analyzer  illustrated  —  the 
TS\-4SE — is  designed  for  the  9,.100  Me  region. 
A  second  model — the  TSS-4SE  —  is  available 
for  the  3,000  Me  region,  and  a  third  model  — 
the  TSK-2SE — is  available  for  the  24.000  Me 
region. 

TYPICAL  APPLICATIONS  OF 
THE  SPECTRUM  ANALYZER 

.Some  of  the  possible  uses  include: 

V  iewing  the  output  of  a  radar  system,  to 
make  sure  that  the  output  energy  is  not  being 
wasted  by  being  distributed  over  a  wider  fre¬ 
quency  band  than  the  radar  receiver  can  ac¬ 
commodate. 

Determining  the  frequency  of  a  pulsed 
oscillator. 

Adjusting  the  local  oscillator  frequency  of  a 
radar  receiver  to  space  it  properly  with  respect 
to  transmitter  frequency. 

Checking  of  pulling  or  shifting  in  frequency 
of  the  pulsed  oscillator  of  a  radar  transmitter, 
by  observing  the  spectrum  while  the  antenna  is 
in  motion. 

Measurement  of  standing  wave  ratios  by  us¬ 
ing  the  Spectrum  Analyzer  in  conjunction  with 
a  slotted  section. 

WRITE  FOR  DETAILED  SPECIFICATIONS 
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Electronic*  Diruion  .  .  .  500  Fifth  Avenue,  Mew  York  18,  M.  Y. 

MAKERS  OF  ELECTRONIC  DEVICES.  RADIO  TUBES;  CATHODE  RAV  TUBES;  FLUORESCENT  LAMPS.  FIXTURES,  WIRING  DEVICES:  ELECTRIC  LIGHT  BULBS 


TUBES  AT  WORK 


E-l  CORE 


Electric  Type  Connector  Series,  more 
than  125*  radio  and  electrical  distrib- 
utors  can  fill  your  requirements.  Many  Coaxial 
of  these  distributors  carry  stock  items  Series 
on  their  shelves  for  immediate  delivery. 

They  are  ready  to  serve  you  and  discuss 
your  requirements.  Contact  them  first. 

These  type  series  are  widely  used  on 
microphones,  sound  equipment,  in  radio 
and  electronic  devices.  Their  quality  and 
performance  are  assured  by  Cannon 
Electric’s  thirty-two  years  of  continuous 
operation  under  the  same  management. 

For  a  complete  list  of  Representatives,  Dis¬ 
tributors  and  a  Catalog  covering  these  lines, 
write  for  Bulletins  CED  and  RJC-1,  Address 
Dept.  G-120. 


'Additional  distribu¬ 
tors  are  being  add¬ 
ed  In  certain  states. 


FIG.  2 — Circuit  of  200-cycle  oscillotor 
whose  frequency  increases  with  an  in¬ 
crease  of  direct  current  through  one  wind 
ing  of  the  saturable  reactor  shown  in 

ng.  1 
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To  make  it  easier  and  quicker  to  obtain 
fittings  in  the  above  illustrated  Cannon 


^  00-11 
Receptacle 
In  the  “O" 


FIG.  1 — Arrangement  of  windings  on  the 
core  of  the  reactor.  The  solid  arrows  indi¬ 
cate  d-c  flux  lines,  dashed  arrows  the  a-c 

flux  lines 

• 

ing  two  coils  wound  on  the  outside 
legs  of  an  E-I  lamination  were  con¬ 
nected  in  series  and  used  as  part  of 
the  oscillating  circuit  in  a  vacuum- 
tube  oscillator  operating  on  a  fre¬ 
quency  of  200  cycles.  Then,  suppose 
a  winding  were  placed  on  the  center 
leg  of  the  E  as  shown  in  Fig.  1. 

The  frequency  of  oscillation  will 
depend  on  the  inductance  of  the  out¬ 
side  coils  as  determined  by  the  num¬ 
ber  of  turns  on  the  coils  and  the 
permeability  of  the  core  material. 
The  permeability  is  varied  by  caus¬ 
ing  the  current  to  be  detected  to 
pass  through  the  center  winding. 
The  greater  this  current,  the  lower 
the  permeability;  the  lower  the  in¬ 
ductance,  the  higher  the  frequency 
of  oscillation. 

An  oscillator  was  built,  as  in 
Fig.  2,  and  it  was  found  that  a 
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ElE^TRIC  y  DEVELOPMENT  COMPANY 


3209  Humboldt  Street,  Los  Angeles  31,  California 


Canadlr~BL.British  Empire  —  Connon  Electric  Co.,  ltd.,  Toronto,  Ontorio  •  World  Export 
,  Agents  (excepting  British  Empire)  Froxor  &  Hansen,  301  Cloy  St.,  Son  Francisco  11,  Calif.  i 
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I  Model  "QT‘'V 

Pickup. 
C«rtridgc 


IT  HAD  TO  COME! 


#  No  modern  engineering  achievement  has 


contributed  more  to  improvement  in  the  quality 


of  phonograph  reproduction  than  Astatic's  re 


cent  developmeni  of  two  new  pickup  cartridges 


employing  MATCHED,  replaceable  needles.  It  had 


to  come!  In  no  other  way  can  equipment  man 


uiacturers  or  ultimate  users  be  sure  of  the  main 


tenance  of  quality  phonograph  reproduction. 


TUBES  AT  WORK 


(continuad) 


Nylon 

Precious  Metel 
Tipped 

Needle 


#  Too  many  Needle  Replacements  have  been 


and  are  still  being  made  with  Needles  possess 


ing  characteristics  entirely  unsuitable  to  the 


cartridges  in  which  they  are  used.  Results,  nat 


urally,  have  been  disappointing. 


#  Astatic  engineers,  pioneering  again,  have 


found  a  logical  answer  to  this  problem  with  the 


development  of  two  new  Crystal  Cartridges,  the 


"Nylon"  and  Model  "QT,"  both  of  which  employ 


MATCHED,  REPLACEABLE  needles.  These  Needles 


are  engineered  to  match  the  characteristics  of 


the  'Nylon"  and  QT"  Cartridges  and  are  the 


only  needles  that  can  be  used  in  them. 


#  The  result  is,  at  long  last,  that  quality  repro 


duction  can  be  maintained  through  the  life  of 


the  instrument.  Many  of  the  new  record  players 


now  appearing  on  the  market  employ  these  new 


matched  reproducer  units.  They  had  to  come. 


Corporation  j 


cONNEAur,  onto 

/fAVAOA  astatic  1^0  rOTOWTO  OVTAfflO 

Astatic  Crystal  Devices  Manufactured 
under  Brush  Development  Co  patents 


FIG.  3 — Cunre  A  applies  to  a  silicon-steel 
core  and  a  O.I-mI  capacitor;  curre  B, 
mu-metal  core  and  0.02-;ui  capacitor;  curve 
C.  mu-metai  and  0.1  fil 

change  of  from  0  to  1  ma  changed 
the  frequency  from  200  to  270  cycles 
and  that  10  ma  rais’ed  the  frequency 
to  770  cycles. 

A  silicon-steel  core  of  the  same 
type  was  tried,  but  the  small  cur¬ 
rents  did  not  produce  usable 
changes  in  frequency.  Figure  3 
shows  frequency  plotted  against 
ampere  turns  for  the  center  coil  of 
the  two  cores.  The  mu-metal  core 
has  two  tuning  values  because  with 
the  original  0.1  jxf,  the  zero-current 
frequency  was  120  cycles  which  is 
too  low  for  convenient  aural  re¬ 
sponse. 

The  specifications  are  as  follows: 

Mu-metal  core,  E-I  28,  outside 
coils  1,100  turns  each;  inside  coil, 
3,060  turns,  130  ohms  resistance; 
inductance  of  outside  coils  together, 
19.0  h  with  2  volts  across;  maxi¬ 
mum  AF/  A/  =  265  cycles  per  milli- 
ampere. 

Silicon  steel  core,  E-I  28,  outside 
coils  375  turns  each;  inside  coil 
2,500  turns,  125  ohms  resistance; 
inductance  of  outside  coils,  0.316  h 
with  2  volts  across;  maximum 
AF/A/  =  100  cycles  per  milliam- 
pere. 

Improved  Reactor 

The  circuit  of  the  final  unit  is 
shown  in  Fig.  4.  Using  the  best  of 
the  reactor  conditions  shown  in  Fig. 
3  required  a  current  of  6  ma  to 
obtain  the  maximum  useful  fre¬ 
quency  change.  In  practice,  much 
smaller  currents  would  be  encoun¬ 
tered,  so  another  reactor  was  de¬ 
signed  and  constructed  having  7,500 
turns  on  the  d-c  winding,  but  with 
the  same  a-c  coils.  Even  more  turns 
would  be  desirable,  but  high  resist¬ 
ance  and  fine  wire  were  thought 
unsatisfactory  since  too  high  a 
voltage  drop  and  danger  of  break- 
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M.  ieture 
of  YOUR 
cable 
requirements 
being 
protected 


Oomplicated  control  cables  or  relatively  simple 
communications  wiring,  your  cables  will  last  longer  and  give 
better  service  when  coated  with  Ankoseal.  Equally 
as  important,  you  will  secure  a  cable  that  is  precisely 
engineered  for  your  job. 


THE  AIBONIA  ELECTRICAL  DIVISION 

ANSONIAi^CWNEaiCUT  ^ 

i  No2»^  electric  cori>oration 
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RAYTHEON 


TUBES  AT  WOKK  (continued) 

age  would  result.  This  design  was 
then  a  compromise  between  maxi¬ 
mum  possible  sensitivity  and  circuit 
inefficiency.  The  curve  for  fre¬ 
quency  versus  ampere  turns  is 
shown  in  Fig.  6.  Ten  ampere  turns 
corresponds  to  0.75  ma.  This  is 
sensitive  to  changes  of  less  than 
0.1  ma  especially  at  low  currents. 

Although  it  is  possible  to  shunt 
the  d-c  winding  to  increase  the 
range  of  the  instrument,  this  re¬ 
sults  in  two  undesirable  character¬ 
istics.  First,  the  change  in  current 
that  is  detectable  is  proportional  to 
the  total  current.  That  is,  if  the 
total  current  is  ten  times  that  flow¬ 
ing  through  the  winding,  the  mini¬ 
mum  noticeable  change  will  be  1.0 
ma  instead  of  0.1  ma.  Second,  the 
shunting  resistance  increases  the 
time  required  for  the  change  to  be 
noticed.  The  larger  the  shunt  (the 
lower  the  resistance),  the  more 
slowly  the  frequency  changes. 

To  overcome  the  first  of  these  two 
effects,  a  second  d-c  winding  of  100 
turns  was  placed  on  the  center  leg. 
If  a  current  is  sent  through  this 
winding  from  d-c  source  in  such  a 
way  as  to  neutralize  nearly  all  the 
flux  due  to  the  current  to  be  studied, 
then  smaller  shunts  can  be  used, 
thus  making  the  change  appear  to 
be  larger.  This  smaller  shunt  also 
speeds  up  the  time  of  response. 

It  would  be  desirable  to  have 


RAYTHEON 

VOLTAGE  STABILIZERS 


•  OUTPUT  VOLTAGE  CONTROLLED  to  within  d:  1 /2%. 

•  STABILIZATION  AT  ANY  LOAD  within  rated  copo- 
citie*. 

•  QUICK  RESPONSE. . .  varying  input  voltage  stabilized 
within  I  /20  second. 

•  BITIRELY  AUTOMATIC. ..  no  adjustments,  no  moving 
ports,  no  maintenance. 


500.000 


Do  you  manufacture  or  use  equipment  that  falls 
short  of  top  performance  due  to  fluctuating  line 
voltage?  Then  correct  that  condition  with  Raytheon 
Voltage  Stabilizers. 

Available  in  a  range  of  models,  capacities,  and 
special  designs  to  meet  virtually  any  set  of  require¬ 
ments,  Raytheon  Voltage  Stabilizers  assure  reliable 
and  accurate  performance  of  electrical  equipment 
through  positive  control  of  power  supply. 

Write  tor  lllustratod  Bullotin  OL-47-537-A 


Oh 

500,000 


'  KAYTMEON  MANUFACTURINO  COMPANY 
COA4MERC/AL  PRODUCTS  DIVISION 
WALTHAM  54,  MASSACHUSETTS 

Industrial  and Commarcial  Elaetronie  Equipmant,  I 
Broadcast  Equipmont,  Tubas  and  Aeeassorias  M 
Salas  Offices:  Atlanta,  Boston,  Chicago,  m 

Clavaland,  Louisvilla,  New  York  M 


SENSITIVITY  r|- 


INPUT 


FIG.  4 — Complete  circuit  oi  final  initru- 
m3nt  for  aural  indication  oi  current 
changes 
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FIG.  5 — Frequency  plotted  against  ampere 
turns  for  the  final  circuit 


FORESTVILLE 


HARNESS  TIME  TO 


CONNECTICUT 

YOUR  PRODUCTS 


SUBSIDIARY  OF  GENERAL  TIME  INSTRUMENTS  CORPORATION 


The  "quick  charge"  battery  charger  is  but  one  of  the  many  practical 
and  successful  applications  for  Haydon  timing  motors  .  .  .  providing 
trouble-free  performance,  greater  operating  efficiency  and  accuracy. 
The  pointer  knob  is  manually  set  to  the  starting  point  —  motor  and 
charging  unit  are  energized.  When  pointer  reaches  zero  on  the  dial 
the  motor  is  deenergized  and  the  battery  charging  unit  circuit  is  closed. 


Write  for  details  on  this  and  other  industrial  applications  for  Haydon 
timing  motors.  Free  catalog  and  name  of  nearest  representative  on 
request. 


some  means  of  extending  the  sensi¬ 
tivity  without  the  necessity  of  hav¬ 
ing  a  larger  number  of  turns  on  the 
d-c  winding  than  seems  practical 
or  without  the  need  of  using  ampli¬ 
fiers.  This  was  accomplished  by 
!  constructing  a  second  oscillator 
similar  to  the  first  except  that  the 
I  d-c  winding  is  excited  from  a  dry 
rectifier  built  in  the  cabinet.  The 
I  saturating  current  is  controlled  by 
i  a  variable  resistor.  This  permits  the 
operator  to  adjust  the  frequency  of 
the  second  oscillator  to  give  beats 
with  the  first. 


If  the  beats  are  set  to  two  or 
three  per  second,  for  example,  then 
when  the  small  current  change 
through  the  d-c  winding  of  the  de¬ 
tecting  circuit  takes  place,  causing 
the  frequency  to  change  only  a  few 
cycles,  the  beats  will  change.  Even 
though  the  few  cycles  difference  in 
the  original  frequency  may  not  be 
discernible,  the  large  change  in  the 
beat  frequency  will  be  easily  no¬ 
ticed.  Since  the  comparison  oscilla¬ 
tor  need  not  be  particularly  sensi¬ 
tive,  ordinary  silicon-steel  core  ma¬ 
terial  can  be  used. 

The  meter  in  which  the  pointer 
can  be  clamped  enables  a  visually 
handicapped  person  to  read  the  ab¬ 
solute  value  of  a  current.  This 
meter,  when  used  in  conjunction 
with  the  current-change  indicator 
described,  enables  him  to  make  ad¬ 
justments  for  maximum  or  mini¬ 
mum  currents  and  then  to  deter¬ 
mine  the  magnitude  of  the  current. 

This  combination  of  instruments, 
together  with  several  others  devel¬ 
oped  during  the  past  six  years,  has 
made  it  possible  for  the  blind  to  per¬ 
form  many  more  operations  involv¬ 
ing  electrical  measurements  and  ad¬ 
justments  than  heretofore. 


Write  HAYDON,  2400  Forest  Street,  Forestville,  Connecticut 
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YOU  GET  QUALITY  PLUS  ENGINEERING  SERVICE  WITH  G-E  PERMANENT  MAGNETS 


Here's  another  outstanding 
application  for  one  of  the  many 
G-i  permanent  magnet  materials 
—the  magnetic  liquid  level  gage 
manufactured  by  The  boston  Auto 
Gage  Company. 


The  Magnets  that  Guard  your  Transformer 


Let  us  help  you  with  your  magnet  application 
problems.  General  Electric  engineers,  backed  by 
years  of  research  and  magnet  design  experience, 
are  at  your  service.  Metallurgy  Division,  Chemical 
Dept.,  General  Electric  Co.,  Pittsfield,  Aiass. 


r  coupling  in  this  gage  to  ac- 
curately  indicate  the  level  of  the 
insulating  liquid  in  transform¬ 
ers.  The  rise  or  fall  of  the  float  actuates  the  dial 
pointer  by  means  of  the  coupling. 

In  addition  to  the  large  group  of  sintered  and 
cast  ALNICO  permanent  magnets.  General  Electric 
now  offers  you  greater  flexibility  of  magnet  design 
with  the  duaile  allovs  CUNICO,  CUNIFE  and  SIL- 
MANAL  and  the  lightweight,  non-metallic  VECTO- 
LITE.  Be  assured  of  receiving  magnets  of  the  highest 
uniform  quality  resulting  from  precise  G-E  produc¬ 
tion  methods,  accurate  testing  and  rigid  inspection. 


SIND  FOB  our  now  buNotIn,  CDM-1,  "G>l  Bormanont 
Mognott",  tpocMcally  dosignad  to  holp  you  with  your 
pormanont  magnot  probloms. 

This  bullotln  contains  biformotlon  cdbout  tho  chcwoctoris- 
Hes  and  proportlos  of  G-I  pormanont  magnot  motorlals, 
thoir  application  and  dosign. 


METALLURGY  DIVISION,  Section  FA-7 
CHEMICAL  DEPARTMENT 
GENERAL  ELECTRIC  COMPANY 
PITTSFIELD,  MASS. 


Please  send  me  your  new  bulletin, 
CDM-1,  "G-E  Permanent  Magnets' 

NAME . 

COMPANY . 

ADDRESS  . 

CITY .  . 


PERMANENT 

MAGNETS 

general! 


STATE 
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UD47-JAS 
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CERAMICONS 


rJlASS  production  methods  in  the 
manufacture  of  ERIE  "GP"  Ceramicons  make 
possible  mass  production  prices.  Available 
in  popular  capacities,  quantity  production, 
with  strict  adherence  to  quality  standards, 
bring  new  price  economies  in  ceramic  con> 
densers  for  practically  all  applications  in 
which  the  condenser  is  not  directly  frequen* 
cy  determining. 

High  capacities  are  available  in  extreme¬ 
ly  compact  sizes.  Because  they  are  tubular 
in  shape,  they  require  less  area  than  many 
types  of  rectangular  shaped  condensers  of 


equal  capacities.  Their  physical  character¬ 
istics  make  them  easy  to  handle  in  the 
assembly  line. 

Because  of  their  basic,  simple  construc¬ 
tion  ERIE  "GP"  Ceramicons  have  higher 
resonant  frequencies.  This  factor  is  increas¬ 
ingly  important  as  the  higher  frequencies 
used  in  FM  &  Television  are  reached. 

The  trend  is  toward  ERIE  ”GF'  Cerami¬ 
cons.  They  are  made  in  insulated  styles  in 
popular  capacity  values  up  to  5000  MMF, 
and  in  non-insulated  styles  up  to  10,000 
MMF.  Write  for  full  details  and  samples. 


IRIE  RESISTS  Wm,  ERIE,  PA 
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for  Quicker  Installation 
for  Easier  Replacement 
for  Positive  Action 
for  Rugged  Construction 


INPUT  (NE6A-\ 
iTIVE  PULSES) 


FIG.  3 — A  scale  of  fiTe  circuit  is  built 
using  both  triodes  and  diodes 

causing  conduction  in  the  diodes 
that,  in  turn,  cuts  off  all  the  other 
triodes.  Choice  of  resistances,  bias 
voltages,  and  other  circuit  param¬ 
eters  is  very  similar  to  that  for  the 
scale  of  two  Eccles-Jordan  circuit. 

Another  method  of  interconnect¬ 
ing  N  tubes  to  form  such  a  counter 
is  shown  in  Fig.  4,  drawn  for  N 
equal  5.  The  five  tubes  are  inter¬ 
connected  in  such  a  way  that  con¬ 
duction  in  any  one  tube  cuts  off  con¬ 
duction  in  the  two  opposite  ones. 
The  circuit  has  five  states  of  stable 
equilibrium  corresponding  to  the 
condition  that  two  adjacent  tubes 
conduct  and  the  remaining  three  do 
not.  A  circuit  of  this  type  has  the 
advantage  of  requiring  relatively 
few  interconnections  between  tubes. 

Triggering 

To  switch  the  circuit  successively 
through  its  several  stable  states, 
triggering  pulses  are  used.  Coup¬ 
ling  capacitors  between  plates  and 
grids  of  succeeding  tubes  in  the  cir¬ 
cuits  of  Fig.  2  and  3  carry  these 
pulses.  In  Fig.  3,  a  negative  trig¬ 
gering  pulse  is  applied  to  the  plate 
supply  as  shown.  This  pulse  passes 
through  the  plate-grid  coupling  ca¬ 
pacitors  driving  all  the  grids  nega¬ 
tive.  However,  the  conducting  tube 
amplifies  and  inverts  this  negative 
pulse  driving  the  grid  of  the  next 
tube  positive.  Conduction  is  thus 
transferred  around  the  ring  from 
tube  to  tube  in  order.  Switching 
in  the  circuit  of  Fig.  2  takes  place 
in  similar  manner,  resistors  /2,  be- 


No  costly  puttering  when  you  install  a  Diamond-H 
snap  switch,  convenience  outlet  or  pilot  light.  A  gentle 
push  and  the  spring  mounting  gives  you  a  solid 
installation  for  top  appearance  and  performance.  Yet 
they  can  be  removed  instantly  for  inspection  or 
replacement.  Available  in  black,  white  or  brown 
plastic,  they  require  a  mounting  hole  only  21/32"  x 
1-7/32"  and  a  depth  of  1".  All  three  are  low  in  cost, 
rugged  and  dependable  in  service. 


Switch  equipped  with  heavy 
silver  contaas.  Operating  pres¬ 
sure,  3  to  5  02.;  115  V.  15  A. 
or  230  V.  10  A.;  A.  C.  only. 


Convenience  outlet,  125  V.  15  A. 
or  250  V.  10  A. 


Diamond-H  neon  pilot 
light,  an  exact  match  to  the 
switch  and  convenience 
outlet  illustrated  above. 


THE  HART  MANUFACTURING  COMPANY 

202  BARTHOLOMEW  AVENUE,  HARTFORD,  CONN. 
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AUDIO  DEVICES,  INC. 
444  Madison  Ave., 
New  York  22,  N.  Y. 


Professional  Recordists 
Recommend . . . 


0tecct^€nu 


44#  'Gmmumitmt  io  do  m 

With  These  Three  Outstanding  Feotures 

•  INDIVIDUAUY  DISC'TIHID  ON  A  tlCOniNNO  MACNINI. 

•  ixpinnv  DisiONiD  to  msuni  pnonn  tmmad  tnoow. 

•  A  PRODUCT  OF  THi  MANUFACTURIR  OF  AUDIODISCt — 
AMIRICA'S  HADING  PROFISSIONAL  RICORDING  iiANKS. 

Professional  recording  engineers  know,  from  years  of  exper* 
ience,  that  Sapphire  Recording  Audiopoints  offer  the  ultimate  in 
recording  styli.  Made  by  skilled  craftsmen  to  most  exacting  specifica* 
tions  and  individually  tested  in  our  Aboratories,  these  Audiopoints 
are  of  consistent  fine  quality. 

A  good  recording  stylus  requires  a  perfectly  matched  playback 
point.  The  Sapphire  Audiopoint  for  playback  fills  this  need  com* 
pletely.  In  materials,  workmanship  and  design,  it  is  the  finest  playback 
point  obtainable.  (Should  not  be  used  on  shellac  pressings.) 

These  Audiopoints  are  protectively  packaged  in  handy  cello*^ 
phane  covered  cards— cards  that  are  ideally  suited  for  returning  points 
to  be  resharpened. 

OTHER  POPULAR  AUDIOPOINTS,  that  complete  a  full  line  of  record¬ 
ing  and  playback  styli,  are :  Stellite  Recording  Audiopoint,  a  favorite  with 
many  professional  and  non-professional  recordists;  Diamond- Lapped 
Steel  Audiopoint,  a  recording  stylus  particularly  adapted  for  non-profes¬ 
sional  recordists;  Playback  Steel  Audiopoints,  the  most  practical  playback 
points  for  general  use.  One  hundred  per  cent  shadowgraphed. 

Although  they  are  the  finest  styli  available,  Audiopoints  are  reason¬ 
ably  priced.  Compare  them,  both  in  performance  and  price,  with  any  other 
styli  on  the  market.  See  your  Audiodiscs  and  Audiopoints  distributor  or 
write. 
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The  jewelled  point,  with 
87°  included  angle,  correct 
radius  and  fine  polish,  cuts  a 
silent  shiny  groove  for  many 
hours.  When  dulled  or  chipped, 
these  points  may  be  resharp¬ 
ened  several  times.  Each  re¬ 
sharpened  Audiopoint  is 
disc-tested  to  insure  perfect 
performance.  For  this  service  re¬ 
turn  points  through  your  dealer. 


in 
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D 

wfien  somethings  needed  &st ! 
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FIG.  4 — Whereas  the  circuit  of  Fig.  1  has 
fiTe  stable  states  with  but  one  tube  con¬ 
ducting  in  each  state,  this  circuit  has  iWe 
stable  states  but  with  two  tubes  conduct¬ 
ing  in  each  one 


ing  used  to  decouple  the  switching 
grids  from  the  rest  of  the  circuit. 

The  diode-triode  circuit  can  be 
used  as  a  decade  counter  by  letting 
N  equal  ten.  However,  ten  triodes 
and  90  diodes  (50  if  the  triodes  are 
cut  off  in  groups  and  subgroups) 
are  somewhat  impractical.  A  more 
satisfactory  decade  counter  can  be 
obtained  by  combining  a  scale  of  5 
and  a  scale  of  2  circuit  in  much  the 
same  way  that  two  scale  of  2  cir¬ 
cuits  are  combined  to  form  a  scale 
of  4  circuit.  Neon  bulbs  can  be 
connected  in  each  tube  circuit  and 
the  count  calculated  by  addition,  or 
ten  bulbs  can  be  connected  so  that 
only  one  lights  for  each  of  the  ten 
combinations  of  positions  of  the 
two  counter  circuits.  Such  a  circuit 
is  shown  in  Fig.  5.  With  the  cir¬ 
cuit  in  the  condition  shown,  only 
one  neon  bulb  is  across  sufficient 
voltage  to  light.  Input  pulses  are 
applied  to  the  scale  of  2  circuit 
and  an  output  pulse  from  it  trig¬ 
gers  the  scale  of  5  circuit  every 
other  time  the  scale  of  2  circuit  is 
pulsed.  The  bulbs  light  in  sequence. 
An  output  pulse  from  the  scale  of 
5  circuit  can  be  used  to  operate  ad¬ 
ditional  counters.  The  circuit  is 
reset  to  zero  by  the  push  button  that 
turns  on  tubes  T,  and  T*  by  ground¬ 
ing  their  grids. 

In  the  particular  application  for 
which  this  circuit  was  developed,  as 
mentioned  in  the  beginning,  both 
the  scale  of  2  and  the  scale  of  5 
circuits  are  triggered  simultane¬ 
ously,  the  bulbs  lighting  in  the  se¬ 
quence  0,  3,  4,  7,  8,  1,  2,  6,  6,  9,  0,  3, 
.  .  .  but  are  renumbered  to  count 
successively  from  0  to  9.  These 
same  circuits  can  be  used  as  elec- 


Ev*n  if  yowr  suppliers  are  thousands  of  miles  away,  and  you 
need  parts  and  supplies  right  now  —  let  others  do  the  worrying, 
but  never  you.  Specify  Air  Express  and  get  delivery  in  a  matter 
of  hours. 

Air  Express  goes  coast-to-coast  overnight,  and  speeds  up  to 
five  miles  a  minute  insure  same-day  delivery  between  many  U.S. 
towns  and  cities.  Use  it  regularly,  and  you’ll  be  paid  off  in  greater 
customer  satisfaction  and  smooth-running,  efficient  operation. 
To  solve  overseas  shipping  problems,  investigate  fast,  frequent, 
inexpensive  International  Air  Express. 


Specific  Air  B(press-it^  Good  Business 


•  Low  rates— special  pick-up  and  delivery  in  principal  U.S.  towns  and 
cities  at  no  extra  cost.  •  \Ioves  on  all  flights  of  all  Scheduled  Airlines. 

•  Air-rail  between  22,000  oil-airline  offices. 

•  Direct  air  service  to  and  from  scores  of  foreign  countries. 

Just  phone  your  local  Air  Express  Division,  Railway  Express  Agency, 
for  fast  shipping  action  . . .  Write  today  for  Schedule  of  Domestic  and 
International  Rates.  Address  Air  Express,  230  Park  Ave.,  New  York  17. 
Or  ask  for  it  at  any  Airline  or  Railway  Express  Office.  Air  Express 
Division,  Railway  Express  Agency,  representing  the  Airlines  of  the  lj.S. 


Fastest  delivery  —  at  low  rates 

6S  lbs.  of  machine  parts  in  Louisville  had  to 
get  to  Dallas  fast.  Picked  up  at  5  PM  on  the 
25th,  they  were  delivered  at  7  AM  on  the 
26th.  For  complete  door-to-door  service,  the 
Air  Lxpreas  charge  was  only  f  15.96! 
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REG.  U.  8.  PAT.  OFF. 


REQ.  U.  8.  PAT.  OFF. 


BOTH  ARE 


SELF-LOCKERS 

Each  has  the  KNURLED  Cup  Point  that  makes  them  "Unbrako"  Self-Lockers, 
because  the  knurled  points  dig-in  and  stay  dug — regardless  of  the  most  chatter¬ 
ing  vibration.  Yet,  they  can  be  used  over  and  over  again,  so  everything  con¬ 
sidered,  it's  no  wonder  that  untold  millions  are  being  used  throughout  industry. 

Each  has  the  internal  wrenching  feature  that  facilitates  high  torques,  compact 
designs,  weight-  and  space-saving.  Available  in  sizes  from  #4  to  1 1/2  '  in 
diameter. 

Write  for  your  copy  of  the  "Unbrako"  Catalog.  It  describes  these  and  other 
"Unbrako"  Socket  ^rew  Products. 

"Unbrako"  and  "Hallowell"  Products  are  sold  entirely  through 
Industrial  Distributors. 


Pat'E  and  Pat*.  Paad. 


KnMrIing  mt  S*ck*t 
S<r«w«  origiiial*4  wMi 
'^Unbrak*”  i«  1934. 


Knurling  Mm  Hiraadt  of 
M«l«  "Unbrako"  Sockaf 
Sat  Scraw,  at  thown, 
turns  It  Into  a  most  aa- 
callant  Salf-Lockar — for 
usa  whara  tha  points 
such  at:  flat,  dog,  cona 
and  oval  do  not  land 
thamsalvas  to  knurling. 

Pat'd  and  Pat*.  Paad. 


Tha  "Unbrako"  Sockat  Haad 
Cap  Scraw  It  a  tlnsa-savar.  Its 
knurlad  haad  providas  a  slip- 
and  fumbla-proof  grip,  avan 
though  tha  fingart  and  haad 
ba  avar  so  oily,  tharafora.  It 
can  ba  tcrawad-ln  fastar  and 
farthar  bafora  it  bacomat  nac- 
astary  to  usa  a  wranch. 


OViR  44  YEARS  IN  BUSINESS 


You  can't  scraw  sockat 
tcraws  In  or  out  with¬ 
out  a  has  sockat  wranch, 
so  why  not  got  our  No. 
2S  or  No.  SO  "Hallo- 
wall"  Hollow  Handia 
Kay  Kit  which  contains 
most  all  has  bits. 

Kits:  Pat*.  PMid. 


STANDARD  PRESSED  STEEL  CO. 

JENKINTOWN,  PENNA.,  BOXQQ  •  BRANCHES:  BOSTON  •  CHICAGO  •  DETROIT  •  INDIANAPOLIS  •  ST.  LOUIS  »  SAN  FRANCISCO 
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IRtNStH  &  COWPANY^  W  . 
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The  Soren»en  system  of  I 

Un  ;“n  1 

curate  *^**.^^,t'voltafte  I 
®f‘*lth  a  minimum  I 

VioflV _ — — n  I 

r.toUtim 

beeninco^m  a 

Nobatron,^^^^^ed  DC 

wurce  of  and 

voltage  at  curre 
stabilities 


p..., «.  .«»*«• «”'» 

sHth  batteries. 

This  new  source  of  *» 

bttlaed  DCjoWft  tandard 

talnable  In  .  -  « 

models  operatlnft 

S-125  AC  source  of  M  to 
eO  cycles. 

arA  DC  ammeter  ca 
®  ^  ^^ental  and 

I  quality  ^  ,  com- 

\  toiiM-  ^  latomottye 

1  “Vt  ^terWPUcatto™ 

I  wheie  it »  j„ar- 

\  iat«lIK>««“*»‘’'^’ 


GENERAL  AC  REGULATOR  SRECIFICATIpNf 

Input  Voltaga  Rang*  f  — 1  medal  1 . 

.  95-125 

1—2  modall . 

.190-250 

Output  Voltage  Range  (  —  1  medell . 

.110-120 

( —2  medal) . 

.220-240 

Lead  Range . 

.25-30,000  V.  A. 

Regulotten  Accuracy . 

.%  e#  1% 

Harmonic  Distortion . 

.5%  Max.  (2%  in  Models) 

Input  Frequency  Range . 

.  50-70  cycles 

Inductive  Fewer  Factor  Range . 

.  Down  to  0^7  F.F.  _ 

I'or  sliitiiinril  voltaj'c  rei^uhition,  Sorensen 
Model  ?0()  is  a  proven  leader  in  its  field  — 
eoinpaet,  accurate  and  dependable.  I  his 
model  typifies  the  Sorensen  line  o(  A(! 
and  .Nohalron  all-purpose  voltage  regu¬ 
lators.  Let  a  Sorenseri  engineer  help  you 
.with  your  next  voltage  regulation  problem. 


soREnsEH  &  [ompnnv,  int. 
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FIG.  5 — A  Kale  of  ten  counter  can  be 
built  using  a  Kale  of  two  ond  a  scale  o< 
fiee  circuit 

tronic  switches  such  as  are  fre¬ 
quently  used  in  presenting  simul¬ 
taneously  several  phenomena  on  an 
oscilloscope,  or  for  high-speed  com¬ 
mutation  of  several  signals  in  time 
division  multiplex  systems. 

(1)  W.  H.  Eccles,  and  F.  W.  Jordan, 
Radio  Review,  1,  143,  1919. 

(2)  Byron  B.  Phelps,  Dual  Trlode  Trig¬ 
ger  Circuits,  Elkctbonics,  p  110,  July 
194.’S. 

(3)  Harold  Llfshnts,  and  J.  L.  Dawson, 
A  Trlode  Vacuum  Tube  Scale-of-Two  Cir¬ 
cuit,  Rev  8ci  Inst.  9.  83,  lOSA 

(4)  Harold  Lifsnuts,  New  Vacuum  Tube 
Scaling  Circuit  of  Arttitmry  Integral  or 
Fractional  Scaling  Ratio,  Phv  Rev,  S7.  248, 
1940. 

(5)  John  T.  Potter,  A  4  Tube  Counter 
Decade,  Elbctbonics,  p  110,  June  1944. 

(6)  Victor  H.  Regener,  Decade  Counting 
Circuits,  Rev  8ei  Inst,  p  186,  May  1946; 
also  Gregory  Shea,  Electronic  True  Decade 
Counters,  Elect  Ind,  p  82,  Sept  1946. 

(7)  I.  B.  GrosdofI,  BlKtronlc  Counters, 
RCA  Review,  p  488,  Sept  1946;  also  S.  8. 
West,  An  Electronic  Decimal  Counter  Chron¬ 
ometer,  Elect  Engr,  Jan  1947. 


Using  A  959  as 
Electrometer  Tube 

The  readily  available  959  acorn 
tube  gives  excellent  results  as  an 
electrometer  tube  if  used  in  the  fol¬ 
lowing  way:  (1)  the  suppressor  is 
used  as  the  control  grid,  (2)  the 
plate  is  operated  at  6  volts  above 
the  filament,  (3)  the  screen  is  oper¬ 
ated  at  12  to  15  volts  above  the  fila¬ 
ment,  and  (4)  the  first  grid  is  con- 
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ELECTKON  ART  (continuad) 

nected  directly  to  the  filament.  Un¬ 
der  such  conditions  the  grid  cur¬ 
rent  is  only  10'“  to  10*“  amperes. 
Output  is  obtained  across  a  0.25- 
megohm  resistor  in  the  plate  circuit. 

To  maintain  the  input  resistance 
at  or  above  10“  ohms,  the  socket 
clip  is  removed  and  the  connection 
soldered  directly  to  the  tube  lead, 
and  the  tube  dipped  in  ceresin  wax 
to  eliminate  surface  leakage.  (Sili¬ 
cone  treatment  could  also  be  ad¬ 
vantageously  used  for  this  purpose 
as  moisture  condensing  on  it  also 
does  so  in  droplets  and  it  is  stable 
over  a  wide  temperature  range.) 
Stability  of  the  tube  can  be  im¬ 
proved  by  operating  the  filament 
from  a  regulated  •  power  supply, 
moat  conveniently  the  same  one  sup¬ 
plying  high  voltages  for  the  asso¬ 
ciated  amplifier,  and  at. only  42  to 
44  ma.  The  voltages  for  the  screen 
and  plate  are  obtained  from  drop¬ 
ping  resistors  in  the  filament  sup¬ 
ply,  thus  introducing  a  feedback 
effect  that  also  improves  stability. 
By  placing  a  photocell  between 
screen  and  suppressor,  a  light-con¬ 
trolled  circuit  is  obtained.  Either 
method  of  operation  has  a  variety 
of  applications.  (PB  49579) 


STAND-OFF  CERAMIC  CAPACITORS 


are  made  to  the  same  high  performance  standards  as  conven¬ 
tional  CN  and  Cl  type  Hi-Q  capacitors.  Engineers  who  have 
thoroly  investigated  Hi-Q  capacitor  performance  are  unanimous 
in  their  approval.  We  invite  inquiries  for  samples  to  meet  the 
exact  needs  of  your  applications. 


Experimental  Ignition 
Systems 

Ignition  systems,  especially  in  air¬ 
craft,  have  several  faults.  Burning 
of  distributor  and  interrupter  con¬ 
tacts  and  of  spark-plug  electrodes 
limits  the  life  of  components,  and 
high  voltages  on  the  distribution 
system  are  difficult  to  control,  cor¬ 
ona  being  particularly  troublesome 
at  high  altitudes. 

To  overcome  these  and  other 
troubles,  electronic  (G.  V.  Eltgroth, 
Electronic  Ignition  Systems,  Elec¬ 
tronics,  p  106  April  1945)  and 
other  high-frequency  (Electron¬ 
ics,  p  264  Dec  1945)  ignition  sys¬ 
tems  have  been  tested.  During  the 
war,  several  ignition  systems  were 
experimentally  developed  in  Ger¬ 
many. 

The  system  developed  at  Bosch  is 
illustrated  in  the  accompanying 
drawing.  The  charge  from  the 
capacitor  is  passed  through  the  hot 
cathode,  hydrogen  filled  tube  either 
to  the  distributor  and  thence  to 
individual  stepup  transformers  on 


COMPONENTS 


OTHER 


WIRE 

WOUND 

RESISTORS 


CERAMIC 

CAPACITORS 


S.  I.  TYPE 
Durez  Coated 


CHOKE 

COILS 
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WEBSTER  ELECTRIC 


WEBSTER  ELECTRIC  Pickup  Tone  Arm 


PRCCISI 

CONSTRUCTION 


’S”  SERIES 


SERIES 


'V"  SERIES 


Already  adopted  by  many  leading  record 
player  manufacturers  for  new  models, 
they  offer  the  finest  in  styling,  perform¬ 
ance  and  dependability. 

A  complete  selection  of  cartridges  is  also 
available  for  the  above  line  as  well  as  for 
use  with  other  makes  of  tone  arms. 


Again  a  step  forward — New  Designs  with 
improved  performance — in  the  new  line 
of  Webster  Electric  Pickup  Tone  Arms. 

Among  the  many  outstanding  features 
are  their  low  tracking  pressures,  attrac¬ 
tive  appearance,  and  freedom  from  reso¬ 
nance  distension. 

Additional  points  that  describe  their 
merit  are  as  follows: 

•  Perfect  Response  •High  Needle-point 

•  Modem  Styling  Compliance 

•  Low  Record  •  Accommodates  Various 

Wear  Needles 

•  Easy  to  Install  sAII  Voltage  Requirements 

•  Feather -light  •  Negligible  Surface  Noise 

Tracking  •  Correct  Tracking  Angle 

The  "S”  Series  is  finished  in  rich  brown, 
the  "T”  Series  in  fawn  and  the  "V” 
Series  in  bronze. 


SIRIIS  "S” — Sturdy  die-cast  sine  alloy  construc¬ 
tion  with  spring  counterbalance  maintains  track¬ 
ing  pressure  at  only  one  ounce.  Meets  majority 
of  requirements. 

SIRIES  "T" — Stamped  aluminum  construction 
without  counterbalance  or  springs.  Internally 
braced  to  give  maximum  rigidity  and  freedom 
from  resonance  distortion.  Tracking  pressure  1^ 
ounce. 

SIRIIS  "V” — Aluminum  die-cast  construction,  a 
deluxe  model  with  high  lateral  ridge  to  assure 
absolute  minimum  in  resonance  distortion.  Track¬ 
ing  pressure  ^  ounce. 


(Lietnstd  undtr  pattnts  of  tho  Brush  Devtiopmont  Compouy) 


WISCONSIN 


RACINE 

BsUblisbwl  im 

Expert  Dapl.  13  E.  40lli  Sh«*l,  New  Yerti  (16),  N.  Y.  Cable  Address  "ARLAB”  New  York  CNy 
'Whar*  Quality  is  a  Raapensibillty  and  Fair  Dealing  an  Obligation" 
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Eloctronic  impulse  ignition  system  has  oc- 
curote  timing 


each  sparkplug,  or  to  a  single  stepup 
transformer  and  then  to  the  spark 
plugs,  the  former  b^ing  preferable 
as  the  distributor  operates  at  lower 
voltage.  The  control  circuit  con¬ 
sisted  of  a  perforated  disk  driven 
from  the  engine  shaft,  a  light, 
photocell,  and  amplifier  tube.  The 
battery  voltage  in  the  vehicle  was 
stepped  up  to  400  volts  for  use  on 
the  tubes.  The  system  performed 
satisfactorily,  but  the  transformers 
on  the  spark  plug  were  unnecessar¬ 
ily  large;  timing  was  very  good  (PB 
22653).  The  Bosch  company  also 
developed  superior  flywheel  mag¬ 
netos  which  generated  voltages  for 
both  ignition  and  lighting  (PB 
34724),  and  experimented  on  high- 
frequency  ignition  systems  with 
negative  results  (PB  32589). 

Other  German  ignition  research 
was  directed  toward  developing  a 
low-voltage  system.  The  basic  tech¬ 
nique  was  to  guide  the  spark  be¬ 
tween  electrodes  along  an  insulator. 
A  ceramic  tube  served  best  for  op¬ 
eration  from  400  to  2,500  volts  (PB 
18891  and  PB  12641).  Elsewhere 
in  Germany  chemical  ignitors  were 
tested  but  with  unsatisfactory  re¬ 
sults  (PB  6679  and  PB  13845). 


Millimeter  Wavelengths 

Generation  of  extremely  high-fre¬ 
quency  electromagnetic  waves  is 
done  by  several  methods.  Although 
the  energy  available  at  millimeter 
wavelengths  is  small  compared  to 
energies  used  in  microwave  com- 
municational  and  navigational 
equipments,  it  is  sufficient  for  labo¬ 
ratory  studies.  Furthermore, 
although  there  are  limitations  to 
the  maximum  frequency  at  which 
a  given  energy  can  be  generated, 
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It  tells  when 
you  will 
telephone 


It  is  an  icosahedron  —  a  solid  with 


twenty  regular  faces.  The  laws  of  prob¬ 


ability  say  that  if  you  roll  a  hundred 


icosahedrons  on  a  table,  eleven  or 


more  will  come  to  rest  with  side  “A 


on  top  only  once  in  a  hundred  throws. 


Identical  laws  of  probability  rule  the 


calls  coming  into  your  local  Bdl  Tele 


phone  exchange.  Suppose  you  are  one 


of  a  group  of  a  hundred  telephone  sub¬ 


scribers  whose  practice  is  to  make  one 


three-minute  call  each  during  the  bus¬ 


iest  hour  of  the  dav.  The  chance  that 


eleven  or  more  of  you  will  be  talking 


at  once  is  also  only  one  in  a  hundred 


Thus  it  would  be  wasteful  for  the  Bell 


System  to  supply  your  group  with  a 


hundred  trunk  circuits.  Eleven  trunks 


will  suffice  to  give  you  good  sei^  ice. 


Telephone  traffic  conditions  vary 


But  you  can  be  sure,  wherever  you 


live,  that  Bell  Telephone  Laboratories 


research,  .which  pioneered  in  applying 


probability  theory  to  telephone  traffic. 


is  everywhere  helping  to  make  the  most 


use  of  costly  equipment. 


exclusive  spring  tension  lock  of  the  SPEED  NUT 
Brand  of  fasteners.  Fits  any  socket  of  this  type 
using  standard  6-32  machine  screws. 

Why  not  let  us  design  a  fastener  for  you  that 
con  be  applied  twice  as  fast  and  do  a  lot  of 
other  things  besides  holding  the  screw.  Write  for 
samples  or  send  your  engineering  details  for  a 
no-charge  analysis. 

TINNERMAN  PRODUCTS,  INC. 

2106  FULTON  ROAD,  CLEVELAND  13,  OHIO 
In  C.wd.!  Wallac.  Barnes  Co.  ltd.,  HomiKon,  Ontqrio 
In  Inglnnd:  Simmonds  Aerocessories,  ltd.,  london 
In  Franc.:  Aarocestoiras  Simmonds,  S.  A.  Paris 
In  Avslrolio:  Simmonds  Aarocassories,  Pty.  ltd.  Malbovm. 


•  Here  is  a  self- retaining,  self- locating  and 
self-locking  SPEED  NUT  designed  for  fluores¬ 
cent  tube  lamp  sockets.  But  it’s  merely  one  of 
hundreds  of  special  shapes  that  do  more  than 
merely  hold  the  screw. 

This  SPEED  NUT  C6800  is  zipped  into  the 
recess  in  the  tamp  socket  to  stay.  The  turned  up 
ends  of  the  spring  arms  “bite”  into  the  plastic  to 
lock  the  SPEED  NUT  firmly  in  place.  It  is  self- 
locating  because  the  extruded  collar  butts  up 
against  the  back  of  the  vertical  slot  to  line  up  the 
SPEED  NUT  impression  with  the  screw  hole.  It’s 
self-retaining  and  self-locking  because  of  the 
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ELECTRON  ART  (contInu*d) 

these  limitations  can  be  circum¬ 
vented.  The  limitation  of  power 
that  can  be  stored  in  a  small  cavity 
is  circumvented  by  usiilg  multi¬ 
cavity  magnetrons  and  by  forcing 
the  magnetron  into  oscillations  at 
which  the  cavities  are  several  wave¬ 
lengths  long,  as  in  the  Rising  Sun 
magnetron.'  The  beam  traveling- 
wave  tube*  provides  a  means  of 
exchanging  energy  between  beam 
and  electromagnetic  circuit  that 
eliminates  the  resonant  circuit  alto¬ 
gether,  and  with  it  the  difficulty  of 
coupling  energy  into  the  resonant 
circuit,  usually  a  cavity. 

A  reflex  oscillator  was  built  fol¬ 
lowing  an  analysis  of  factors  limit¬ 
ing  the  output  powefY"  at  millimeter 
wavelengths*;  it  delivered  several 

Table  of  Methods  ol  Generating 
Millimeter  Wavelengths 


^  Generator  Wave¬ 

length 
in  milli- 

Output 

meters 

Split  anode  6.4 

Magnetron* 

continuous 

Pulsed  klystron  5.80  to  4.15 
(0.01  duty  cycle)* 

pulsed 

Second  harmonic  6.1  to  5.4 
of  1-cm  klystron* 

continuous 

Shock  excitation  2.2  to  0.2 
of  metal  particles* 

damped 

milliwatts  at  5  mm.  The  major 
problem  is  to  focus  a  sufficiently 
high-current  beam  through  the 
apertures  in  the  resonator.  If  the 
apertures  are  made  large,  the  r-f 
field  does  not  extend  across  them 
with  the  result  that  there  is  no 
coupling  between  electrons  at  the 
center  of  the  beam  and  the  electro¬ 
magnetic  field  across  the  apertures 
The  aperture  must  therefore  be 
made  fairly  small,  which  means 
forcing  the  dense  beam  of  electrons 
into  a  small  cross  section  against 
the  mutual  repulsion  of  the  elec¬ 
trons.  A  compromise  design  was 
adopted  using  very  fine  grid  wires 
across  a  small  aperture.  The  wires 
were  thin  enough  not  to  block  the 
beam,  but  thick  enough  to  dissipate 
the  heat  generated  by  electron  bom¬ 
bardment  and  to  have  enough  r-f 
conductivity  to  justify  their  use. 
The  pulsed  output  of  the  tube  was 
detected  by  a  1N26  crystal. 

Earlier  investigators  generated 
millimeter  wavelengths  by  magne- 
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Relay  with 
4  NORMAUY-OPEN  ' 
0  NORMALLY- CLOSED 
CONTACTS 


Relay  with 
3  NORMALLY-OPEN 
1  NORMALLY- CLOSED 
CONTACTS 


Relay  with 
2  NORMALLY-OPEN 
2  NORMALLY- CLOSED 
CONTACTS 


Relay  with  •  • 
1  NORMALLY-OPEN 
3  NORMALLY- CLOSED** 
CONTAaS  11 


Relay  with  ** 
0  NORMALLY-OPEN  ** 
4  NORMALLY- CLOSED** 
CONTACTS  ** 


Allan  -  Bradley  Univartal 
Relay  in  standard  pressed 
steel  enclasure. 


for  Electronic  Circuits 


BULLETIN  700  UNIVERSAL  RELAYS  are  a  new  and  important 
addition  to  the  standard  line  of  Allen-Bradley  solenoid  relays  with 
a  1 0-ampere  rating.  These  universal  relays  have  two  banks  of  con¬ 
tacts  which  permit  quick  and  easy  changes  from 
NORMALLY  OPEN  TO  NORMALLY  CLOSED  contacts 
...  or  vice  versa  . . .  merely  by  shifting  terminal  con- 
nections.  (See  diagrams  at  left.)  They  are  ideal  for 
electronic  applications  in  which  circuit  connections 
must  be  interchangeable  to  meet  varied  operating 
conditions.  Available  in  2,  4,  6,  and  8  poles,  with 
double  break, 'silver  alloy  contacts  which  need  no 
maintenance.  There  are  no  pins,  pivots,  bearings,  or  hinges  to  bind 
or  stick.  Hence,  these  relays  are  good  for  millions  of  trouble-free 
operations  in  electronic  service.  Send  for  bulletin,  today. 


Dimensions 
3^  in.  X  3  in.  X  3^ 


d'OnLict 


antt 


OTHER  ALLEN-BRADLEY  RELAYS  &  CbNTACTORS 


f  BULLETIN  810 
TIMING  RELAYS 
are  ideal  for  any 
service  requiring 
an  adjustable 
delayed  action 
relay.  Have  normally  open  or 
normally  closed  contacts. 

Magnetic  solenoid  core  is 
restrained  from  rising  by  the 
piston  in  oil  dash-pot.  Adjust¬ 
able  valve  in  piston  regulates 
time  required  to  pull  piston 
through  oil -seal  and  trip  the 
contacts,  which  open  or  close 
with  quick,  snap  action.  Ideal 
for  transmitter  plate  voltage 
control. 


BULLETIN  702  n 

heavy  duty 
up 

300  amperes. 

Arrc^nged  for 
2-  or  3-wire 
remote  con- 

trol  with  push  buttons  or  auto¬ 
matic  pilot  devices. 

Enclosing  cabinets  for  all 
service  conditions.  Double 
break,  silver  alloy  contacts 
require  no  maintenance. 
Solenoid  mechanism  is  simple 
and  trouble-free. 


Allen-Bradley  Co. 
110  W.  Greenfield  Ave, 
Milwaukee  4,  Wis. 


ALLEfff-BRA)DLEY 


RELAYS 


RESISTORS 


QUailTV 
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TELEXinc 


ELECTRO-ACOUSTIC  DIVISION 
TELEX  PARK 
.  Minneapolis,  Minn. 


ELECTRON  ART  (continued) 

trons  and  spark  discharges.  A  split 
anode  magnetron  of  0.19  mm.  anode 
radius  operating  at  1,200  volts  in  a 
magnetic  field  of  24,000  oersteds 
developed  4  x  10  *  ma  in  an  iron 
purite  crystal  receiver  placed  at  the 
focus  of  a  mirror  located  16  meters 
from  the  tub.  The  wavelength 
was  measured  with  an  echelette 
grating  spectrometer.  Spark  dis¬ 
charges  between  spheres  produce 
oscillations  at  an  approximate  wave¬ 
length  of  2itd/V3  where  d  is  the 
diameter  of  the  sphere.  This  tech¬ 
nique  was  used  to  obtain  radiation 
for  biologic  studies.*  A  similar 
method  is  to  shock  excite  aluminum 
dipdes  in  a  flowing  stream  of  oil. 
The  energy  so  produced  is  detected 
by  a  thermocouple  and  the  wave¬ 
length  measured  with  wire  grat¬ 
ings.*  Although  the  power  from 
these  oscillations  is  low,  it  is  suffi¬ 
cient  for  such  physical  measure¬ 
ments  in  the  laboratory  as  the 
absorption  of  electromagnetic 
waves  by  gases  in  the  study  of 
intermolecular  forces.*  Refinements 
in  present  techniques  and  new 
techniques  may  push  the  frequency 
limits  higher. 

(1)  Rising  Sun  Magnetron,  Electronics, 
p  202  Aug.  1046.  Brief  description  of 
magnetron  design  developed  at  Columbia 
University  Radiation  Laboratory. 

(2)  Wideband  Microwave  Ampllfler  Tube. 
Electronics,  p  90  Nov.  1046.  Character¬ 
istics  and  operating  principles  of  beam 
traveling-wave  tube. 

(3)  lifferty.  i.  M.,  A  Millimeter-Wave 
ReOez  Oscillator,  J.  of  Appl  Fkpa.,  p  1061 
Dec.  1046.  Based  on  analysis  of  factors 
affecting  frequency  limitation  of  reOez  os¬ 
cillators,  tubes  to  give  very  short  wave¬ 
length  were  built  and  tested.  See  also 
Pierce,  J.  R.,  Physical  T.lmitatlons  in  Elec¬ 
tron  BaUistics,  Bell  8p»t.  Tech.  J.  p  806 
July-Oct.  1945. 

(4)  Cleeton,  C.  E.  and  Williams.  N.  H., 
The  Shortest  Continuous  Radio  Waves,  Php$. 
Rev.,  p  1091  Dec.  1936.  Letter  to  the  editor 
describing  a  split  anode  magnetron. 

(5)  Montani,  Angelo,  A  Generator  of 
Damped  Microwaves,  Electronics,  p  115 
Sept.  1944.  A  half  watt  at  7.000  me  Is 
produced  from  an  array  of  metallic  spheres. 

(6)  Cooley,  Jean  P.  and  Rohrbaugh,  John 
H.,  The  Production  of  Extremely  Short 
Electromagnetic  Waves,  Phy$.  Rev.,  p  296 
May  1945.  An  abstract  of  this  paper  ap¬ 
peared  in  Electronics,  p  298  Sept.  1946. 

(7)  Beringer,  Robert.  The  Absorption  of 
One-Half  Centimeter  Electromagnetic  Waves 
In  Ozygen,  Phya.  Rev.,  p  53  July  1946.  Out¬ 
put  from  one-cm  klystron  was  fed  into  a 
silicon-tungsten  crystal  which  produced 
second  harmonic  output  for  these  absorp¬ 
tion  measurements. 


PERFECT  HEARING  COMFORT 


I^ONOStT 

hv  TELEX 


Thousands  of  secretaries  have  long  exclaimed, 
"Oh!  For  a  transcribing  machine  with  comfort¬ 
able  headphones." 

And  here’s  the  perfect  answer  to  this  need  . . . 
the  new  TELEX  Monoset. . .  now  standard  equip¬ 
ment  on  the  Gray  Manufacturing  Company’s 
transcribing  machine,  the  Gray  Audograph. 


This  modern  under-the-chin  headset  is  light  in 
\  /  weight,  comfortable  and  instantly  adaptable  to 

I  the  user.  There  is  no  ear  fatigue,  no  more  mussed 

up  hair  with  the  TELEX  Monoset... and  it  gives 
a  new  kind  of  performance  that  means  improved 
work  and  improved  disposition.  Its  electro-acoustic  "heart"  assures 
faithful  sound  reproduction.  Its  rugged  plastic  construction  assures 
years  of  service.  Yes,  the  TELEX  Monoset  teamed  with  the  new 
Gray  Audograph  is  another  example  of  "perfect  hearing  comfort.” 

Write  Department  AM  for  information  and  quotations.  WeTl  be  happy 
to  show  you  how  the  TELEX  Monoset  can  become  part  of  your  team  for 
perfect  hearing  comfort  wherever  headphones  are  needed. 

SPECIFICATIONS  ^ 

88  d.b.  above  .000204 

2000  ohms— Part  No.  2568  SonsHivity:  Pf  *■  square  centi- 

500  ohms— Pan  No.  2569  “eter  for  10  micro- 

128  ohms— Part  No.  2570  watt  input. 


Thermal-Magnetic 

Control 

Apparatus  or  processes  depending 
on  temperature  for  proper  opera¬ 
tion  can  be  controlled  at  any  tem¬ 
perature  between  180  F  and  1,000  F 
by  Curie  Point  alloys.  These  are 
alloys  of  iron  in  proportions  to  ob¬ 
tain  the  required  Curie  point.  Below 


Cemadian  Oittribwfort: 

Addlioa  ladastries  Ltd.,  Toreato 
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jobbers 

WHOtESAEERS 


WAR  ASSETS  ADMINISTRATION 


Johanns  A  Kongo n  Co.,  Inc. 

62  Poorl  U. 

Noworh  BocMc  Co.,  Inc. 

242  W.  SSHi  SI. 

SmMh  Moohoc  fnginooring  Co. 
12S  lorcloy  SI. 

NORFOLK,  VA. 

Radio  Paris  Olsiribuling  Co. 

12a  W.  OInoy  Rood 

ROCHfSTER,  N.  Y. 

W.  A  H.  AvioNan  Cory. 
Municipal  Alrporl 

SALEM,  MASS. 

Hyiron  Radio  A  Elocironics  Carp. 
76  LaPayoNo  SI. 

SCHENECTADY,  N.  Y. 

Oonorol  Etodrlc  Co. 

Bldg.  267,  1  Rhror  Rood 

WASECA,  MMN. 

E.  F.  Jenson  Co. 

206— 2nd  Avo.,  S.  W, 


FORT  WAYNE,  IND. 

Essox  Wiro  Corp. 

1601  Wall  SI. 

HOUSTON,  TEXAS 
Novigalian  Instrumonl  Co.,  Inc. 
P.O.  Box  7001,  Hoighls  Slolion 
LOS  ANOHES,  CAUF. 
CololnsIrwmonI  Co. 

1320  S.  Grand  Avo. 

Hoffman  Radio  Corp. 

3761  S.  Hill  Si. 

NEWARK,  N.  J. 

Nolional  Union  Radio  Corp. 

57  Siam  SI. 

Standard  Ardurus  Corp. 

99  Sussex  Avo. 

Tung-Sol  Lamp  Worfcs,  Inc. 
9S— aih  Avo. 


NEW  YORK,  N.  Y. 

Carr  Indusirios,  Iik. 

1269  Altanlic  Avo.,  BYilyn. 
Communkolion  Moosuromonls 
Loborolory 
120  Oroonv^h  SI. 

Elocironic  Corp.  of  Amorico 
353  W.  4aih  SI. 

Emorson  Radio  A  Phonograph 
Corp. 

76— 9lh  Avo. 

Oonorol  Elochonics,  Inc. 

IB19  Broadway 
Hammorlund  Mfg.  Co.,  Inc. 
460  W.  34lh  SI. 
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ELECTRON  ART  (continued) 

this  point  the  alloys  are  ferromag¬ 
netic  having  high  permeability, 
above  it  they  are  paramagnetic  hav¬ 
ing  very  low  permeability.  The 
transformation  temperature  is  fixed 
by  the  alloy  composition  and  is  un¬ 
affected  by  other  factors.  These 
metals,  prepared  by  the  Curie  Point 
Alloys  Co.  (Chicago),  can  be  used 
in  magnetic  circuits  to  provide  con¬ 
trol.  For  example  the  metal  can  be 
the  armature  of  a  relay.  While  be¬ 
low  its  Curie  point  it  will  be  at- 
.tracted  by  the  relay’s  magnetic  field, 
but  if  heated  above  the  Curie  point, 
it  will  no  longer  be  so  attracted. 
The  transformation  from  ferromag¬ 
netic  to  paramagnetic  states  is  re¬ 
versible  and  occurs  in  either  direc¬ 
tion  at  the  same  temperature  in 
any  given  alloy. 


Package  of 

PERMANENT  PERFORMANCE 


Developmental  Television 
In  France 

Small  television  cameras  and 
high  definition  pictures  are  being 
developed  in  France.  The  equip¬ 
ment  furthest  toward  application  is 
the  819  line  system  of  La  Radio- 
Industrie  featuring  a  new  icono¬ 
scope  with  a  primary  image  only 
one  square  centimeter  in  area.  This 
camera,  called  the  Eriscope,  uses 
16-mm  movie  camera  lenses  giving 
a  depth  of  field  from  two  meters  to 
infinity  without  refocusing.  It  can 


•  Kester  Cored  Solders  are  scientifically  manufactured 
to  provide  permanent,  dependable  results  in  every  type 
of  soldering  operation.  They  equip  your  product  with 
rugged  staying  power — protect  against  service  difficul¬ 
ties. 


•  Kester  Cored  Solders  are  simply  and  easily  applied. 
Self-contained  fluxes  are  positive-acting  and  will  not 
disintegrate  or  lose  their  fluxing  power. 

•  Kester  Rosin-Core  Solder,  for  electrical  work,  con¬ 
tains  a  patented  plastic  rosin  flux.  Ideal  material  for 
clean,  tight  electrical  connections,  Kester  Rosin-Core 
Solder  will  not  cause  corrosion  or  injure  insulation. 

•  For  general  soldering,  use  Kester  Acid-Core  Solder 
to  safeguard  the  equipment  you  build  .  .  .  with  tight, 
trustworthy  solder  bonds. 

•  Kester  engineers  are  at  your  service,  to  help  you  se¬ 
lect  the  right  solder,  and  the  correct  strand  and  core¬ 
size  for  every  operation.  Write  them  fully;  there  is  no 
obligation. 


KESTER  SOLDER  COMPANY 

tlGHTWOOD  AVENUE.  CHICAGO  39.  ILLINOIS 


eastern  Plant:  Newark,  N.  J. 
Canadian  Plant:  Iraatferd,  Ontario 


Television  camera  is  as  maneuverable  as 
a  newsreel  camera 
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Coartmsf  HUKIEY  Mochin*  Division,  makors  of  GlAOltONS 

WHY  ARE  CORNISH  WIRE  PRODUCTS  SPECIFIED  BY  THIS 
URGE  MANUFACTURER  OF  IRONING  MACHINES? 

Because  their  ENGINEERING  Department  knows  by  test  that 
they  will  give  faithful  and  enduring  performance  .  .  . 

Because  their  PRODUCTION  Department  finds  that  they 
have  those  qualities  essential  for  quick  installation  on 
their  assembly  line  .  .  . 

Because  their  PURCHASING  Department  realizes  that  these 
Quality  Products,  backed  by  dependable  service,  are 
sold  at  prices  that  spell  true  economy  ... 


CORNISH  WIRE  CO.,  uc 

15  Park  Row  •  New  York  City,  7 


ELECTRON  ART  (continuad) 

be  used  for  normal  outdoor  shootinsr 
at  intensities  down  to  500.  lumens. 
The  tube  is  now  built  of  Pyrex; 
when  molybdenum  glass  is  available 
it  is  expected  that  the  primary 
image  size  can  be  reduced  to  64 
square  millimeters.  The  camera 
also  houses  a  preamplifier  and  final 
stages  of  the  sweep  circuits,  the 
generators  and  frequency  dividers 
being  in  the  fixed*  studio  equipment. 

Transmission  of  the  doubly  in¬ 
terlaced  picture  at  50  half  frames 
per  second  will  be  at  200  me  from  a 
transmitter  to  have  a  peak  power  of 
1  kw.  S}mchronizing  pulses  are  to 
be  transmitted  by  a-m,  the  10-mc 
picture  band  by  f>m,  and  the  sound 
by  f-m  on  a  separate  2(f0  watt  trans¬ 
mitter  with  a  maximum  swing  of 
=b  75  kc  and  an  a-f  band  from  SO 
to  15,000  cps. 

Other  French  firms  are  experi¬ 
menting  on  high  definition,  the  sys¬ 
tem  of  the  Compi-gnie  des  Comp- 
teurs  having  1015  lines.  The  gov¬ 
ernment-owned  Television  Fran- 
caise  has  resumed  experimental 
daily  broadcasting  from  its  30-kw 
Eiffel  Tower  transmitter  with  the 
prewar  450-lIne  picture. 


Survey  of  New  Techniques 

A  DEVICE  has  been  developed  at 
Wright  Field  that  enables  a  plane 
to  fiy  a  straight  line.  It  operates 
from  shoran  signals  and  is  being 
used  in  a?rial  mapping  to  permit 
the  photoairplane  to  follow  a 
straight  course  in  taking  a  sequence 
of  photographs  of  a  large  area.  The 
Straight  Lino  Indicator  can  either 
provide  instrument  indication  for 
the  pilot  or  operate  an  autopilot. 

Electrical  drilling  of  dies  has 
been  independently  developed  at  the 
U.  S.  Bureau  of  Standards  and  the 
Soviet  Electrical  Institute.  The 
technique  as  developed  at  the 
Bureau  of  Standards  is  applied  to 
drilling  diamond  dies  used  in  draw¬ 
ing  such  fine  wires  as  those  used 
for  vacuum  tube  grids.  The  dia¬ 
mond  is  drilled  by  electrical  sparks 
formed  between  a  needle  point  and 
the  diamond.  Dies  for  0.0004  to 
0.015  inch  wires  are  produced  in  40 
hrs  against  about  150  hrs  by  con¬ 
ventional  drilling.  The  electrical 
erosion  technique  developed  in  Rus¬ 
sia  is  substantially  the  same  but  is 
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GENERAL  RADIO  COMPANY 


Cambridge  39, 
Massachusetts 


920  S.  Michigan  Ave.,  Chicago  5 


90  West  St.,  New  York  6 


950  N.  Highland  Ave.,  Los  Angeles  38 


VOLTAGE 

MEASUREMENTS 


The  Type  1802-A  Crystal  Galvanometer  (a  “gal¬ 
vanometer"  rather  than  a  “voltmeter"  because  it  does 
not  have  the  high  accuracy  of  most  other  G-R  instru¬ 
ments^  measures  voltages  from  30  to  1,000  Me,  and  is 
useful  up  to  4,000  Me.  It  is  direct-reading  from  0.1 
volt  to  100  volts  and  is  finding  considerable  utility 
in  u-h-f  measurements. 

Essentially  it  is  very  simple  —  a  1N21B  crystal  and 
a  d-c  amplifier.  To  obtain  the  high  upper-frequency 
limit,  however,  several  mechanical  and  electrical  de¬ 
sign  problems  are  involved.  The  crystal  rectifier  ex¬ 
tends  the  frequency  range  far  above  that  obtained  with 
the  usual  tube  diode;  however,  the  uniformity  of  com¬ 
mercially  available  crystals  is  below  that  of  the  v-t 
diodes  and  limits  the  instruments  accuracy  to  ±5%. 


The  upper  frequency  limit  is  dependent  upon  the 
design  of  the  pick-up  probe.  The  probe  assembly  has 
been  designed  to  minimize  inductance  by  using  cylin¬ 
drical  blocking  and  by-pass  condensers.  The  probe 
design  and  the  crystal  itself  result  in  an  average  probe 
resonant  frequency  of  about  1800  Me.  Individual 
crystals  modify  this  resonant  frequency. 

The  amplifier  uses  a  degenerative  cathode-follower 
circuit  arranged  as  a  bridge  system.  The  sensitivity  of 
the  meter  is  essentially  independent  of  zero  setting. 

Two  capacitance  voltage  dividers  are  supplied  as 
multipliers  extending  the  voltage  ranges  to  10  and 
100  volts.  Fittings  for  plugging  into  coaxial  connec¬ 
tors  are  furnished. 

TYPE  1802-A  Crystal  Galvanometer  .  .  .  $210.00 


WE  HAVE  A  FEW  IN  STOCK  —  Order  Now  lor  Probable  Immediate  Shipment 


ELECTRONICS 


REEVES  SOUNDCRAFT  CORPORATION 

10  East  52ncl  Street  •  New  York  22,  New  York 


OUR  Orf€R 


In  order  that  you  may  te»t  lor  yourself  our 
claims  tor  Souuderait  dises9  a  Broadcaster^^ 
disc  will  be  sent  without  eharye  to.  anyone 
detaehtuy  this  page  and  sending  his  name 
and  address  to  us» 


Familiar  equipment  appears  in  the  receie* 
ing  room  of  the  communications  center  that 
travels  with  President  Truman  and  his 
party  on  the  rails.  Installed  in  a  former 
Pullman  car.  the  transmitters  and  receivers 
are  powered  by  two  diesel  25-kw 
generators 


ELECTION  AIT 


(continued) 


EACH  A 

POTENTIAL  HECORDIAG 

MASTERPIECE 

Soandleraft  discs  are  the  ealmlaatloa  ol  a  flwe«year 
eaglBeerlag  search  for  wider  dyaamlc  raage,  lower  sarface 
aolse,  freedoai  froas  **grey-eat^  aad  **swish**,  la  disc 
reeordiag. 

Soandcraft  cagiaeers  have  developed  a  coatlag  process 
that  aow  aiahes  possible  the  appllcatloa  of  high  solid 
coateat,  flaer  gralaed  lacgaers  la  aa  aaasaally  thick,  cleaa 
aad  aalforat  coatlag. 

C%eck  aad  compare  these  Soaadcraft  gaalitlcs  with  other 
blank  discs  yea  may  be  asiag  aow. 


Baekgroaad  aoise  lowered  i  db 
Byaa  mic  raage  lacreased 
Elimlnatloa  of  napredictable  **grey  cats*’ 
Redaction  of  sarface  ’’swish” 

Increase  of  sapphire  life 


applied  to  drilling,  slotting,  or  cut¬ 
ting  hard  metals. 

Metal-ammonia  solutions  rapidly 
frozen  to  —85  C  are  superconduc¬ 
tors  of  electricity  and  sensitive  de¬ 
tectors  of  infrared  rays.  This  ma¬ 
terial  is  a  superconductor  (that  is, 
has  no  electrical  resistance)  at  a 
higher  temperature  than  any  of  the 
some  forty  other  materials  found 
to  be  superconductors  (close  to 
-278  C).  Dr.  R.  A.  Ogg,  Jr.  of 
Stamford  University  who  is  con¬ 
ducting  the  research  on  these  solu¬ 
tions  believes  they  may  shortly  be 
applied  to  infrared  detection. 

X-ray  diffraction  identification  of 
crystals  at  temperatures  up  to  1,500 
C  can  be  done  by  replacing  the 
photographic  film  by  a  Geiger 
counter.  In  the  technique  devel¬ 
oped  at  the  National  Bureau  of 
Standards  the  Geiger  counter, 
which  can  withstand  higher  tem¬ 
peratures  than  film,  is  moved 
through  the  diffraction  pattern  by 
a  synchronous  motor.  The  pattern 
is  recorded  on  a  strip  chart.  The 
equipment  is  used  in  studying  the 
modifications  of  crystalline  states 
at  elevated  temperatures  and  the 
rates  of  inversion  and  crystal  for¬ 
mation  with  powdered  samples.  The 
Bureau  has  designed  a  furnace  for 
use  with  a  Norelco  x-ray  spectrom¬ 
eter  adapted  to  this  study. 
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your  Noise  Problems,  too 
can  be  Solved  Better 

with  C'D  Quietories 


Just  because  Mom  wants  to  bake  a  cake 
is  no  reason  why  she  shouldn’t  hear  her 
pet  soap  opera.  And  sooner  or  later 
she’s  bound  to  find  out  that  some 
mixers  dom't  cause  radio  interference. 
Mixers  equipped  with  OD  Capacitors, 
for  example. 

OD’s  experience  in  designing  and 
building  noise  suppressors  is  unequalled 
in  tbe  capacitor  industry.  We  are  now 
manufacturing  hundreds  of  types  of 
noise  filters  for  electrical  appliances 
and  equipment.  It’s  possible,  of  couase, 

MICA  .  DYKANOL  .  P 


that  the  exact  unit  for  solving  yostr 
noise  problem  is  not  included.  In  that 
case,  our  engineers  are  ready  and 
anxious  to  design  and  build  the  sup* 
pressor  best  suited  to  your  specific 
requirements— &e//er,  faster,  more  eco- 
momically.  Consult  with  them. 

Catalog  of  standard  types  will  be 
mailed  on  request.  Comell-Dubilier 
Electric  Corporation,  Depc  K-7,  South 
Plainfield,  New  Jersey.  Other  large 
plants  in  New  Bedford,  Brookline  and 
Worcester,  Mass.,  and  Providence,  R.  I. 

iW  tu  •  ILICTROLYTIC 


world’s  largest 


'^^Wfacturer  of 


TYPICAL  NOISE  SUPPRESSORS 


CAPACITORS  #1  AND  2 

Two  of  the  Type  MC  Filter  Capacitors  designed  for  heavy 
duty  service  on  buses,  trucks,  etc.  for  spark  and  noise  sup- 
*  pression.  Mechanically  rugged,  oil  filled  and  impregnated  and 
hermetically  sealed. 
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CAPACITOR  #3 

A  general  purpose  filter  effectively  controls  radio  noise  energy 
created  by  fluorescent  lamps.  This  capacitive  —  inductive  type 
filter  is  compoct  and  can  be  quickly  installed  in  a  variety  of 
positions.  Convenient  leads  simplify  installation. 


Announcing  — 


MINIGLASS  QUARTZ  CRYSTAL  UNITS^ 


For  Broadcast,  FM  and  Television  Applications 


These  compact,  hermetically  sealed,  high  performance  units  are  designed  for  your 
multiple  applications  in  the  range  of  2,500  to  10,000  kilocycles  —  with  a  tolerance 
of  ±250  cycles  at  normal  room  temperature. 

MINIGLASS  crystals  are  designed  for  low  cost  quantity  production.  Available  for 
immediate  deliveries. 

Manufacturers  of  Radio  Quartz  Crystals 

MELVIN  L.  SMITH  LABORATORIES 

^Patent  Applied  For  KANE,  PENNSYLVANIA 
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S^ECIMUZATIOM 

Meldit*  tr«ii  Mrw  art  »r*> 
due«4  ky  iMeialitti  antatad 
axdatKtaly  la  iha  aianafaetar* 
lai  at  iraa  aaraa.  A  eaiaalata 
llna  at  aiaanatte  lian  cam. 
Far  aaa  at  all  fraaaaneiaa  la- 
cladini  talavlalan  aad  FM  la 
aaw  availaMa. 

ENGINEERING 

It  It  a  tirnala  aiattar  far 
Maldita  aaiiaaart  ta  fit  tka 
ritht  eara  to  yaar  partlealar 
coll  tor  tka  katt  raauitt. 
Maldita  aaainaan  ara  tbar- 
aaihly  taailllar  with  avtry 
Iran  eara  application  and  will 
ko  clad  to  attitt  you  In  dator- 
■Inlnc  which  at  theta  coni- 
ponentt  can  beat  tatitty  yaar 
reauiraainntt. 

EROOUCTION 

with  oar  vattly  expanded  pro- 
daetian  facllltiot.  aro  ara  In 
tha  potition  to  nioat  year 
urfont  Iren  corn  roauireniantt. 
Quality,  oeonemy  and  depend- 
ability  ara  atturad. 

SAMPLES 

Moldlte  tampla  Iron  eoraa  will 
ka  tuknlttad  lor  datipn.  tact 
and  pra-praduetion  purpataa 
apop  rfcaipt  at  your  raqaatt. 
Uta  Moldita  material  trade 
datlpnationt  to  Intnra  prompt 
and  exact  duplication  at  tha 
raauirad  cam.  8  p  a  e  1 1  y 
“MOLDITE”  ter  “QUAL¬ 
ITY." 


NEW  PRODUCTS 

(continued  from  p  142) 

plate  load  resistor,  250,000  ohms; 
grid  resistor,  600.000  ohms.  Fur¬ 
ther  details  are  outlined  fn  Bulletin 
943. 


Impedance  Vectorgraph  (13) 

Sound  Apparatus  Co.,  233  Broad¬ 
way,  New  York  7,  N.  Y.  A  direct 
graphical  recoeding  of  resistive  aad 
reactive  components  of  an  imped¬ 
ance  as  a  function  of  frequency  is 


700^  ’  t/#  ® 

_ _ _ 


HATIONAL 

MOLDITE  COMPANY 

25  MONTGOMERY  STREET  .  HILLSIDE  5,  NEW  JERSEY 

SALES  REPRESENTATIVES 

MIDDLE  ATLANTIC  STATES  MID  WESTERN  STATES; 

Rober'  A  Sylvriier-L  D  Lo«ery  Co.  Horotd  Kodell 

401  No  Brood  St.  Philodeloh  o,  Po  20  N  WocLrr  Drive  Chlcogo,  lllinoii 


now  possible  with  the  Impedance 
Vectorgraph  used  in  conjunction 
with  a  twin  recorder  and  beat-fre¬ 
quency  oscillator.  Resistance  and 
reactance  can  be  separately  and  si¬ 
multaneously  recorded  from  1  to 
4,000  ohms  in  6  ranges,  with  a 
separate  expansion  of  either  scale. 
Polarity  of  reactance  is  indicated. 
The  instrument  will  find  use  in 
measurements  of  transducers,  fil¬ 
ters,  and  transmission  lines. 

Dime-Size  Snap  Switch  (14) 

Mu-Switch  Corp.,  Inc.,  Canton, 
Mass.  The  Q-Switch  is  a  small  snap- 
action  switch  designed  for  high- 
current  capacity  in  various  combi- 


G 
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Laminated  Metals 


Why  pay  the  high  cost  of  solid 
silver  when  General  Plate 
Laminated  Metal  .  .  .  precious  metal 
permanently  bonded  to  inexpensive 
base  metal . . .  gives  you  the  performance 
characteristics  of  solid  silver  yet  costs  you 
considerably  less  ? 

By  permanently  bonding  silver  to  base  metals,  | 

General  Plate  gives  you  such  laminated  sheet, 
wire  and  tube  combinations  as  edgelay,  inlay,  wholly 
covered  or  covered  one  side  or  both.  Thus  you  get  the 
silver  exactly  where  you  need  silver  performance  but 
without  the  expensive  solid  silver  cost. 

You  get  other  advantages,  too.  General  Plate  Laminated 
Metals  are  easier  to  fabricate,  are  more  workable,  have 
better  spring  properties,  are  easier  to  solder,  and  provide 
structural  and  mechanical  properties  not  obtainable  in 
solid  silver. 

General  Plate  Laminated  Metals  are  also  available  in 
many  other  precious  to  base  metal  and  base  to  base  metal 
combinations.  Investigate  these  versatile  metals.  Write 
for  information  or  engineering  assistance. 


of  Metals  &  Controls  Corporation 

50  Church  St.,  Nuw  York,  N.  Y.|  205  W.  Wockor  Drivo,  Chicago,  lll.j  2635  Pago  Drivo, 
Altodono,  Colifornioi  Grant  Bldg.,  Pittsburgh,  Pa. 

ATTLEBOlO,  MASSACHUSETTS 
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NEW  PRODUCTS  (continued) 

nations  up  to  single-pole,  double¬ 
throw.  Its  small  size  makes  is  par¬ 
ticularly  applicable  in  industrial 
electronic  equipment. 


Facsimile  Motor  (15) 

Cyclohm  Motor  Corp.,  6-17  46th 
Road,  Long  Island  City  1,  N.  Y.  The 
Cyclohm  type  .29  ventilated  syn¬ 
chronous  motor  can  be  supplied  in 


NATIONAL  RADIO  SERVICE  CO. 

Reittorttown  Rd.  A  Cold  Spring  Lone  •  Boltimoro  15,  Md. 


ratings  of  1/100,  1/75,  and  1/50 
horsepower,  1,800  rpm,  115  v,  60 
cps.  The  motors  can  be  used  for  re¬ 
cording  and  tape  pulling  and  for 
facsimile  recorders  and  transmit¬ 
ters. 


Scratch  Filter  (16) 

Burnell  &  Co.,  45  Warburton  Ave., 
Yonkers  2,  N.  Y.  A  new  scratch 
filter  with  fiat  response  within  the 
pass  band  and  extremely  sharp  at¬ 
tenuation  above  the  cutoff  frequen¬ 
cies  is  adaptable  to  all  types  of 
recordings.  Three  different  cutoff 
frequencies  are  provided  that  can 
be  selected  on  a  single-circuit 
switch. 


Heat  Transfer  Unit  (17) 

Eastern  Industries,  Inc.,  New 
Haven  6,  Conn.  The  Model  No.  1 
heat  transfer  unit,  developed  for 


faflf  #•  rigid  U.  S.  Gov0nm»Mt  SpAcMcotleas 

SPECIFICATIONS 

input— I  IS  V.  56-60  cycl*  ^ 

REGULATIONS— Last  than  1/20  volt  changa  in  output  voltaga  with  changa  of  from 
100-140  VA.C.  input  voltaga  &  from  NO-LOAD  to  FULL-LOAD  (ovar  vary  wida 
latituda  at  cantar  of  variabla  ranga) 

RIPPLE — lass  than  5  millivolts  at  all  loads  and  voltaqas 

DIMENSIONS— Fits  any  standard  rack  or  cabinat  (ovarall:  19  in.  wida:  I2*/|  in.  high: 
11  in.  daap;  shipping  wt.— 100  pounds) 

TYK  A— VARIARU  PROM  210  TO  33S  V.  D.  C.  &  400  M.  A. 

TYPI  R1— VARIAILE— TWO  RANGES:  400-600  Y.  D.  C.  ®  120 
M.  A.  004  600-090  V.  D.'C.  &  12S  M.  A. 

CONSTRUCTION  FEATURES 

Woston  modal  301  (or  oqual)  milliammatar  and  voltmotor  G  Saparata  switchas,  pilot 
lights,  and  fusas  for  FIL  and  PLATE  VOLTS  G  All  tubas  locatad  on  shockmount  auamblias 
G  Fusas  mountad  on  front  panal  and  aasily  accassibla  G  Can  vary  voltaga  by  turning 
small  knob  on  front  of  panal.  Can  aasily  modify  Typa  Bl  from  POSITIVE  to  NEGATIVE 
output  voltaga  G  Individual  componants  numbarad  to  corraspond  with  wiring  diagram. 
Rigid  construction:  componants  dasignad  to  withstand  most  savara  military  conditions — 
physical  and  alactrical;  wara  graatly  undar-ratad. 

All  units  chackad  and  inspactad  at  150%  ratad  load  bafora  shipmant. 

T-fc-  fTypa  A:  2-R36;  6-6L6:  2-6SF5;  1-VR150:  1-VR10S 

Tuba  eomplaniaar.  2.6SP5:  1-VR1S0;  1-VR10S 


NET  PRICES— F.  O.  I.  RALTIMORE.  MO. 

TYPE  A— $189.00  TYPE  II— $185.00 

Complata  with  tabas  and  raody  to  plug  In — Pricas  snblact  to  changa  without  aotiea 
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NEW  PRODUCTS  (contliHMd) 

television,  radar,  induction  heating 
and  similar  apparatus  will  dissipate 
Tip  to  1,000  watts  depending  upon 
the  operating  temperature  range. 
The  unit  is  equipped  with  a  four- 
bank  radiator,  cooling  fan,  circula¬ 
ting  pump,  reservoir,  flow  switch, 
thermostat  and  necessary  fittings. 
The  pump  and  fan  are  mounted  on 
opposite  ends  of  the  same  motor 
shaft.  The  motor  is  1/40  hp,  3,450 
rpm.,  110  volt  a-c  induction  type. 
The  overall  size  is  19  §  x  5i  x  lOi 
inches  high  and  the  approximate 
weight  is  40  pounds.  The  unit  is 
encased  in  a  black  crackle  finished 
sheet  metal  cabinet 


Coating  Unit  (IS) 

National  Research  Corp.,  100 
Brookline  Ave.,  Boston  15,  Mass. 
The  type  3102  coating  unit  is  a 
medium-size  vacuum  evaporator 
suitable  for  the  deposition  of  mag¬ 
nesium  fluoride  on  optics  and  the 
preparation  of  evaporated  metal 
films.  A  dry-air  pressure  of  5  x 
lO'*  millimeters  of  mercury  can  be 
obtained  in  nine  minutes  on  a  clean 
empty  18-inch  glass  bell  jar. 


Cartrldg*  nqnirM 
Ihem  Vi  oojic*  bItIus  lore*. 
Sopphir*  BtyluB  which  can 
b*  r«moT*d  and  replaced 

t  without  tools. 

Crratol  pro¬ 
tected  against 
extremely  high 
humidity.  With- 
stonds  heat 
up  to  250*F. 


Miniature  Dry 

Electrolytics  (19) 

Solar  Mfg.  Corp.,  285  Madison 
Ave.,  New  York  17,  N.  Y.  Type  LB 
etched-foil  capacitors  are  now  avail¬ 
able  in  values  from  8  microfarads 


-  Here's  a  cryslal  pickup 

J  Ihol  sels  a  new  high  in  pickup  standards! 

•  Moximiun  stylus  life  due  to  highly 

compliant  mounting  and  low  stylus 
force  . . .  almost  impossible  to  chip. 

•  Low  distortion. 

•  Less  than  Vi  oimce  stylus  force  required. 

•  Stylus  removable  and  replaceable  without  tools. 

•  New  crystal  mounting  keeps  crystal  effective  in  high 
humidity  ...  in  heat  os  high  os  250°F. 

•  Tests  show  cartridge  unharmed  , -  ^ " 

after  15  minutes  in  boiling  water.  ^ " 

Get  the  full  story  on  this  new 
crystal  pickup  developed  by  /  TLjh 

the  finest  crystal  research  in  the  1 110  K|yxn 

nation.  Write  today. 


at  150  working  volts  d-c  to  200  mi¬ 
crofarads  at  1.5  working  volts  d-c 
in  containers  measuring  i  by  li 
inches.  In  larger  cases,  i  by  II 
inches  the  capacitances  are  12  and 
300  microfarads  at  the  same  volt¬ 
ages. 


Light  Integrator  (20) 

SiDWARD  Mfg.  Co.,  261  Broadway, 
New  York  7,  N.  Y.  The  Tim-O-Lux 
is  a  device  for  automatically  inte¬ 
grating  light  and  the  length  of  time 


3405  Perkins  Avenue 
Cleveland  14,  Ohio 
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So  ENDS  AN  UNEVENTFUL  JOURNEY— a  journey  in 
which  Standard  Aircraft  Radio  has  played  it«  part  towards 
safety — keeping  contact  with  the  ground — performing  its 
duties  reliably,  day  and  night. 

Notable  amongst  the  new  “Standard  ’’  sets  for  civil  aviation 
is  the  S.T.R.I2.  V.H.F. — miniaturised — 12  spot  frequencies 
on  ‘send'  and  ‘receive'  —  telephony  and  M.C.W. — 
overall  weight  18  lb. 


Standard Tekphoms and Cabks Limited  •  TELECOMMUNICATIOM 
ENGINEERS  .  OAKLEIGH  ir« '..flKini 
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SCINTILLA  MAGNETO  DIVISION  of 


NEW  PRODUCTS 


(continuad) 


supplied  for  developing  photo¬ 
graphic  emulsions.  Fluctuations  in 
light  intensity  are  compensated  in 
the  instrument  by  additional  expos¬ 
ure  time  so  that  once  a  satisfactory 
print  has  been  obtained  it  is  only 
necessary  to  leave  *the  controls  set 
for  a  complete  run  of  prints  from 
that  negative. 


The  Finest  ' 

Electrical 

Connectors 

Money  can  boild 
^  or  boy! 


UHF  Signal  Generator  (21) 

Hastings  Sales  Engineering  Co., 
532  Commonv^realth  Ave.,  Boston  15, 
Mass.  The  General  Communication 
Co.  model  P142  uhf  signal  generator 


SCINFLEX! 


Bendix-Scintilla*  Electrical  Connectors  are  precision-built 
to  render  reliable  peak  efficiency — day-in  and  day-out 
even  under  difficult  operating  conditions.  The  use  of 
Scinflex — a  new  Bendix-Scintilla  developed  dielectric 
material — makes  them  vibration-proof,  moisture-proof, 
pressure-tight,  and  materially  increases  flashover  and  creep- 
age  distances.  Even  under  extremes  of  temperature — from 
—67®  F.  to  -1-300®  F. — their  performance  is  remarkable. 
Dielectric  strength  is  never  less  than  300  volts  per  mil. 

The  contacts,  made  of  the  finest  materials,  carry  maxi¬ 
mum  currents  with  the  lowest  voltage  drop  known  to  the 
industry.  Check  the  list  of  outstanding  features  below — 
then  write  for  detailed  information  on  these  truly  superior 
connectors.  They  belong  on  every  job  where  there  is  no 
compromise  with  quality.  nuMMAm 


is  designed  to  furnish  an  r-f  signal 
for  calibration  and  alignment  of  re¬ 
ceivers  or  for  general  laboratory 
work  in  the  range  from  1,200  to 
4,000  me.  Unmodulated,  pulse- 
modulated,  or  frequency-modulated 
signals  can  be  selected  at  will.  The 
oscillator  is  a  velocity-variation  re¬ 
flex  type  using  an  adjustable  cavity. 


Heavy-Duty  Rectifier  (22) 

Electronic  Rectifier  Inc.,  737  N. 
East  St.,  Indianapolis,  Ind.  Ability 
to  operate  over  a  temperature  range 
from  minus  40  to  284  F,  and  light 
weight  are  the  outstanding  features 
of  the  new  heavy  duty  magnesium- 
copper  sulphide  Lektron  rectifier. 
Chief  weight-saving  feature  is  ex¬ 
tension  of  the  magnesium  rectify- 


•  Vibration-proof 

•  Moitlwro-proof 

•  Radio  Quiol 

•  Singlo-pioco  Insorts 

•  No  Tomporary  Ovorloads 


•  Prossuro-tight 

•  Minimum  Weight 

•  High  Arc  Resistance 

•  Easy  Assembly  and  Disassembly 

•  Low  Electrical  Resistance 
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THE  ADVANTAGES  OF  ERSIN  FLUX 
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THINK  OF  S.S.WHITE 
FLEXIBLE  SHAFTS 

*;y  i\  .  .  • 

■"  arrow  Identifies  these  sym- 

variable  elements.  And 
y  where  there  are  variable  ele- 
/  ments,  it  pays  to  think  of  S.  S. 
White  flexible  shafts.  As  one 
well-known  engineer  puts  it — 
"In  electronic  equipment  variable  elements  must 
be  strategically  located  for  premium  electrical  per¬ 
formance.  In  most  cases  the  resultant  mechanical 
placements  of  these  elements  do  not  readily  adapt 
themselves  to  a  symmetrical  front  panel  placement 
of  control  knobs.  S.S.WhIte  flexible  control  shafts, 
as  couplings  between  the  elements  and  their  control 
dials,  allow  us  complete  freedom  In  our  mechanical 
and  electrical  design." 

260-PAGE  FLEXIBLE  SHAFT  HANDBOOK 
FREE  TO  ENGINEERS . 

It  gives  complete  information  and  engineering 
data  about  flexible  shafts  and  how  to  select 
and  apply  them.  Copy  free,  if  you  write  for  it 
on  your  business  letterhead  and  mention  your 
position. 


'  TNI  S. «,  WHITf  DtNTAl  MPO.  CO. 
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insr  plates  beyond  the  core  dimen¬ 
sions  of  the  rectifier  to  serve  as  heat 
radiating  fins. 


Projector  for  Television 
Transmitters  *  (23) 

Radio  Corf,  of  America,  Camden, 
N.  J.  A  new  16-mm  television  film 
projector  type  TP-16A  is  a  modified 
sound  motion  picture  projector 
adapted  to  project  onto  the  mosaic 
of  a  television  camera  pickup  tube 
as  a  means  of  programming  televi¬ 
sion  broadcast  stations.  The  scan¬ 
ning  sequence  of  ordinary  film  has 
been  modified  in  the  machine  by  the 


introduction  of  elliptical  gears  so 
that  the  film  motion  is  effectively 
synchronized  with  standard  televi¬ 
sion  signals.  Radio-frequency  volt¬ 
age  is  used  on  the  exciter  lamp  fila¬ 
ment  of  the  sound  section  and  a 
stabilizer  is  provided  to  insure 
sound  reproduction  at  virtually  the 
originally  recorded  pitch. 


Multitester  (24) 

Radio  City  Products  Co.,  Inc.,  127 
West  26th  St.,  New  York  1,  N.  Y. 
The  model  462  multitester  has  a  d-c 
sensitivity  of  20,000  ohms  per  volt, 
uses  a  germanium  crystal  rectifier, 
and  employs  individual  unit  cells 
for  the  ohmmeter.  The  d-c  ranges 
are  2.6  to  5,000  volts;  a-c,  2.6  to 
6,000  volts;  0.1  to  500  milliamperes 
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To  supply  you  with  instruments  at  the  time  you 
need  them.  General  Electric  is  accumulating  a  stock 
of  3V^-inch,  round  and  rectangular  panel  instru¬ 
ments  in  ail  the  popular  ratings.  No  waiting  for 
delayed  shipments  .  .  .  just  place  your  order  and 
they're  on  the  way  to  you. 

NEW  DISCOUNT  BENEFITS 

Also,  more  favorable  prices,  made  possible  by 
new  discount  benefits,  are  now  available  to  you 
when  ordering  these  standard  types  and  ratings. 

Included  in  these  stocks  of  compact,  high-quality 
G-E  instruments  are  ammeters,  voltmeters,  mil- 
liammeters,  and  microammeters  . .  .  instruments 
for  applications  where  AVAILABILITY  counts. 

INSTRUMENTS  MADE  TO  ORDER 
In  addition.  General  Electric  is  equipped  to  solve 
your  individual  instrument  problems.  Requests  are 
welcomed  for  special,  made-to-order  instruments 
to  be  incorporated  in  your  product  where  standard 
models  cannot  be  used.  For  further  information 
contact  your  General  Electric  representative  or  write 
to  Apparatus  Department,  General  Electric  Company, 
Schenectady  5,  N.  Y. 


FOR  FOUR  CONVENIENCE  .  .  . 

PANEL  INSTRUMENTS  NOW  AVAILABU 


yu  METERS  are  now  normally  stocked  in  the  following 
styles:  non-illuminated,  no  mask,  "A"'  scale;  illuminated,  no  mask,  "A" 
or  "B”  scale.  Black  covers  are  standard;  gray  covers  can  be  furnished. 


HEADQUARTERS  FOR  MEASUREMENTS 


GENERAL 


ELECTRIC 

MS-106 
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d-c;  up  to  100  microamperes  and  20 
megohms.  . 


Midget  Inductors  (25) 

Cambridge  Thermionic  Gorp.,  445 
Concord  Ave.,  Cambridge  38,  Mass. 
Type  LSM  midget  inductors  are 


Mr.  E.  A.  Corey 


CAPITOL  RADIO 

ENGINEERING  INSTITUTE 

An  Accredited  Technical  Institute 

16th  and  Park  Road,  N.  W. 
Washington  10,  D.  C. 


3.  Increasing  the  personal  worth  of  each 
man  to  the  organization  and  to  himself. 


No  businoss  is  too  large,  few  busi¬ 
nesses  are  too  small  to  profit  by  the  CREI 
"Employers’  Plan”  of  group  training  for 
technical  radio  personnel. 


A  plan  similar  to  that  now  in  operation 
at  United  Air  Lines  is  flexible  and  can  be  * 
patterned  to  suit  your  own  requirements. 
For  information  please  write  to — 


only  5  inch  high.  Slug  tuned,  they 
can  be  used  for  filters,  wave  traps, 
or  other  inductive  circuit  elements. 


Audio  Voltmeter  (26) 

Freed  Transformer  Co.,  Inc.,  72 
Spring  St.,  New  York  12,  N.  Y.  The 
new  type  1060  vacuum-tube  volt¬ 
meter  can  be  used  at  audio  and 
ultrasonic  frequencies  as  well  as 
for  a  null  detector  in  d-c  bridge 
measurements.  Input  impedance  is 
50  megohms  shunted  by  15  micro- 


65^ 


Radio  equipment  used  in  United  Air  Lines  Mainliners  tested  at  maintenance  base. 

For  Greater  (grating  Fffithaty 

UNITED  AIR  LINES  selects 

QIH  RatSo  i^meermg  Courses 
UNITED  tor  Croup  Trmmug  of  its 

RmSo-Bectrk  Persoanel 


AIR  LINES 


United  Air  Lines'  new  deluxe  transport, 
the  four-engined  Mainliner  300,  speeds  at 
five  miles  a  minute.  Features  of  the  planes 
inclu^  elecccooic  automatic  pilots. 


The  scheduled  air  lines  of  the  U.  S. 
offer  the  safest  transportation  in  the  world 
.  .  .  and  radio-electronics  lends  its  ceruin, 
guiding  hand  of  assurance.  United  Air 
Lines  as  part  of  its  own  program  for  high¬ 
er  operating  efficiency  has  contracted  with 
Capitol  Radio  Engineering  Institute  for 
further  training  of  RADIO-ELECTRIC 
PERSONNEL.  Through  the  aid  of  CREI 
training.  United  is — 

1.  Increasing  the  technical  ability  of  its 
technical  radio  personnel. 

2.  Enabling  its  staff  to  perform  duties 
more  efficiently  and  in  less  time. 


mm  SELENIUM  RECTIFIERS  ARE 
RAPIDLY  BECOMING  STANDARD 
IN  INDUSTRY  FOR  ALL 
RECTIFIER  APPLICATIONS 


The  Modern  Solution  for  oil  Roctifior 
opplicotiont.  Selenium  Rectifiers  ore 
ENGINEERED  FOR  ENGINEERS.  Selenium 
Corporation  of  America  meets  exacting 
specifications  of  modern  electronic  devel¬ 
opments.  Manufacturers  of  a  broad  line  of 
Selenium  Power  and  Instrument  Rectifiers, 
Self  generating  Photo-Electric  cells  and 
allied  scientific  products.  Selenium  Corpo¬ 
ration  of  America's  engineering  experience 
can  be  called  upon  for  the  development 
and  production  of  special  rectifiers  for  any 
application. 


Affiliate  of  K  E  R  f  Incorporated 

2IM  EAST  IMPERIAL  HIGHWAY  •  EL  SEGUNDO,  CALIFORNIA 

4«.F 
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TESTING  UNITS 


ACME  VOLTROL 


The  Acme  Voltrol  provides  a 
full  range  stepless  control  from 
0  to  135  volts.  Its  regiilation  is 
accurate  to  within  4/10  volt  ad¬ 
justment  Unlike  resistance  reg¬ 
ulators,  the  output  voltage  is 
practically  independent  of  the 
load.  Voltrol  is  the  ideal  testing 
instrument  for  predetermining 
the  performance  of  any  electri¬ 
cal  device  or  product  under 
voltage  fluctuation  conditions. 
Available  in  portable  model 
(illustrated)  and  panel  mounting 
types.  Write  for  Bulletin  150. 


NEW  PRODUCTS  (cMitfaiiMd) 

microfarads.  Operating  from  117- 
volt  lines,  the  voltmeter  has  a  fre¬ 
quency  range  from  10  cycles  to  500,- 
000  cycles,  with  a  maximum  varia¬ 
tion  not  exceeding  0.5  db.  Voltage 
ranges  spread  between  0.001  and 
100  volts  in  five  steps. 


Variable  Speed  Control  (27) 

Welteonic  Co.,  19500  West  Eight 
Mile  Road,  Detroit  19,  Mich.  The 
series  MCVAI  is  a  variable  speed 
control  for  230-volt  d-c  motors  from 
a  230-volt  a-c  power  source.  The 


unit  can  be  used  on  any  shunt- 
wound  d-c  motor  up  to  and  includ¬ 
ing  i-hp  rating.  Remote  forward, 
rieverse,  and  stop  pushbutton  con¬ 
trols  can  be  provided  as  well  as  a 


remote  speed  control.  Dynamic 
braking  of  the  machine  is  included. 


X-Ray  Counter  (28) 

Westinghouse  Electric  Corp.,  306 
Fourth  Ave.,  Box  1017,  Pittsburgh 
30,  Pa.  The  new  counter  that  re¬ 
cords  x-rays  at  a  speed  of  1  micro¬ 
second  over  a  wide  range  of  inten¬ 
sities  consists  of  a  photomultiplier 
tube  wrapped  in  a  sheet  of  fluores¬ 
cent  screen  covered  with  black  pa- 


An  entirely  new  land  of  testing 
unit  that  provides  for  actual 
checking  of  circuits  at  approved 
standard  testing  voltages  and 
in  addition  indicates  grounds, 
shorts  or  opens.  100%  leakage 
type  tron^ormer  limits  ciirrent 
under  short  circuit  conditions, 
thmeby  preventing  needless  de- 
struction  to  materials  at  point 
of  breakdown. 

Instead  of  simply  indicating  the 
^  ^  ^  resistance  value  of  the  insula¬ 

tion,  which  serves  no  practical 
purpose,  the  Acme  Insulation  Tester  permits  the  application  of 
high  voltages  to  positively  prove  the  safety  qualifications  of  the 
electrical  device  or  opporatus  under  test  The  Acme  Insulation 
Breakdown  Tester  may  be  adjusted  to  supply  voltages  of  double 
the  rated  voltage  plus  1000  in  accordance  with  Underwriters' 
Laboratories  testing  recommendations. 


ACME  ELECTRIC  CORPORATION 

31  WATER  ST.  CUBA^  N.  Y. 


ACME  BREAKDOWN  TESTER 


You’re  Looking  at  9  Wire-Failure 

PROBLEM  SOLVERS 


(1)  Rockbgfios  A.V.C.  Staiidiboard  Wire.  (2)  Thermostat  Control  Wire.  (S)  Duplex  Heat  Resisting  Flexible 
Cord,  (i)  Flexible  Apparatus  Cable.  (5)  Rockbestos  Firereall  Hookup  Wire.  (6)  All-Asbestos  Magnet  Wire. 
(7)  All-Asbestos  Lead  Wire.  {8)  Rockbestos  A.V.C,  Motor  Lead  Cable.  (9)  A.V.C,  Multi-Conductor  Control  Cable. 


All  Permanently  Insulated  to  Assure 
RELIABLE  PRODUCT  PERFORMANCE 


If  your  product  has  the  stuff  that  builds  sales 
you  know  that  performance  means  more  than 
price  where  wire-buying  is  concerned.  You  also 
know  that  your  wire  has  to  take  use,  abuse  and 
assorted  operating  conditions  once  your  creations 
leave  the  shipping  room.  But  you  may  not  know 
that  Rockbestos  wires,  cables  and  cords  (125 
different  types)  will  give  them  performance-pro¬ 
tection  that  salesmen  can  write  home  about  — 
vnth  repeat  orders! 

Wire-failure  prevention  is  built  into  Rockbes¬ 
tos  wires  with  permanent  insulation  —  ageless 
impregnated  asbestos  so  highly  resistant  to  heat, 


listed,  or  others  too  numerous  to  mention  — 
Rockbestos  wires  will  more  than  pay  their  way 
by  reducing  replacements,  repairs  or  servicing 
and  protecting  good-will: 


Airplanes 

Buses 

Calculators 
Cash  Registers 
Communications  and 
Signaling  Equipment 
Electronic  Controls 
Elevators 
Furnaces 
Locomotives 


Mining  Machines 

Motors 

Ovens 

Projectors 

Ranges 

Radios 

Rheostats 

Switchboards 

Toasters 

Waffle  Irons 


X-ray  Equipment 


flame  and  deterioration  that  it  won’t  bake 
brittle  or  flow  under  high  temperatures  or  con¬ 
ductor  heating  overloads  —  won’t  ignite  under 
shorts  or  carry  flame  —  and  won’t  rot  or  swell 
from  exposure  to  grease,  oil  or  fumes. 

If  you  make  any  of  the  products 


For  recommendations  write  to  the  neare.<tt  district 
office  or: 

ROCKBISTOS  PRODUCTS  CORPORATION 
449  Nkoll  Str««t,  N«w  Havan  4,  Conn. 

ROCKBESTOS 

The  Wire  with  Permanent  Insulation 


NEW  YORK  BUFFALO  CLEVELAND  LOS  ANGELES  PITTSBURGH  DETROIT  CHICAGO  ST.  LOUIS  SAN  FRANCISCO  SEATTLE  PORTLAND,  ORE. 
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Jrictuced  here  is/a  tuning-fork  frequcnc 
accuracy  guaranteed  io  part  per  aiil 
jCcntigrade. /The  fork  i$' tcaiperature-cc 
hcrrfietically  sealed  against  var^dons  of^-1 
sure.  This  standard,  ^fien  com^-ne■i  wijfi  I 
facilitates 'accurate- speed  and  time  cot^tro^ 
electrical,  acoustical  or  optical  means'^ 

The  unit  is  available  separately  or  in  c 
ci>mplete  timing  mstruments.  Our  engir.: 

cooperate^m  any  problem. 


junction 


AIRCRAFT 
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NEW  PRODUCTS 


(eonlinuad) 


per.  Visible  light  is  blocked  by  the 
paper  but  the  tube  detects  and  am¬ 
plifies  the  fluorescent  light  that  ap¬ 
pears  when  an  x-ray  strikes  the 


Capacitor-Resistor  Bridge (29) 

General  Electric  Co.,  Syracuse, 
N.  Y.  The  type  YCW-1  portable 
capacitor-resistor  bridge  will  meas¬ 
ure  capacitance  from  0.000006  to 
200  microfarads  in  three  ranges 


90902 


90900  Series 
Cofiiode  Ray  Oscilloscopes 

Th*  No.  90902  and  No.  90903  Rock  Ponol 
(3W")  0<cillotcopo*,  for  two  and  Htrao  inch 
luboc,  rospocfivoly,  oro  inoxponsivo  bcmie 
unit*  eompriiing  powor  supply,  brilliancy  and 
cantaring  conkr^t,  tofafy  footuros,  mognalic 
shiolding,  twilchas,  ole.  Ai  o  trontmiltor  moni¬ 
tor,  no  additional  oquipmont  or  accotsorioi  oro 
roqulrad.  Tha  woll-Anown  tropazoidol  moni¬ 
toring  pottornt  oro  tocurod  by  loading  modu- 
iotod  corrior  voltoga  from  a  pick  up  loop 
diroctiy  to  vortical  plotot  of  tho  cothodo  ray  tuba 
and  audio  moduioting  voltoga  to  boriiontol 
plcrtos.  By  tho  addition  of  such  units  os  swoops, 
pulso  gonorators,  omplifiars,  sorvo  swoops, 
otc.,  oil  of  which  con  bo  convonionlly  and 
nootiy  constructed  on  companion  rack  panols, 
tho  original  basic  'scopo  unit  may  booxpandod 
to  sorvo  any  concoivoblo  applic^on. 


JAMES  MILLEN 
MFG.  CO.,  INC. 

MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


and  resistance  from  5  ohms  to  20 
megohms  in  two  ranges.  Insulation 
resistance,  leakage  current,  and 
power  factor  are  also  indicated. 


Panel  Meters  (30) 

Shurite  Meters,  61  Hamilton  St., 
New  Haven  8,  Ck)nn.  A  complete 
line  of  a-c  and  d-c  meters  of  the  2- 
and  2i-inch  types  are  available  in 


pretision- 

fabricated 


4  PRICI 
SWAT’S  RIGHT 


You  can't  go  wrong  when  you 
depend  on  Sillcocks-Miller  for 
plastic  dials.  These  experienced 
engineers  are  recognized 
throughout  the  industry  for  their 
ability  to  fabricate  plastic  ma¬ 
terials  to  close  tolerances.  The 
combination  of  this  skill  and  com¬ 
plete  production  facilities  pro¬ 
vides  a  dependable  source  for 
the  quality  and  service  you  want 
—  at  a  price  that's  right. 

Write  for  illustrated  booklet  or 
phone  South  Orange  2-6171  for 
quick  action. 


SILLCOCKS-MILLER  CO 


THE  NATIONAL  EMBLEM 
ON  PARTS  IS  YOUR 
GUARANTEE  OF  QUALITY 


For  over  25  years,  horns,  engineers  and  radio  tech¬ 
nicians  have  agreed  that  National  parts  vrere  thor¬ 
oughly  reliable  in  manufacture  and  performance. 

That  reputation  is  your  guarantee  of  quality  when 
ordering  National  parts  for  new  equipment. 

if  you  need  parts  that  will  fit  as  they’re  supposed 
to,  that  will  give  you  long  hard  service,  then 
National’s  your  best  bet  —  as  any  radio  veteran 
can  tell  you. 

Send  today  for  your  copy  of  the  new  1947 
National  catalog,  containing  over  600  parts. 


(Air-Spaced) 
ixciter  Coils  and  Forms 
Thai*  eir-ipocad  coils  or*  suilablo 
for  uso  in  stogot  whoro  Iho  plot*  input  ^Bjj 
doos  not  oxcood  50  watts  and  oro  ovo.il- 
oblo  for  Iho  6,  10.  30,  40  and  80  motor 
bands.  All  hovo  soporoto  link  coupling  coils 
and  all  includo  Iho  'FB-16  plug,  which  fits  Iho 
X8>16  Sockof. 

AR.16  Coils,  End  Link,  ( 

Not  prico . 

PB-1A,  Plug  in  Boso  Only. 

XB-IB,  Plug-in  Sockot  Only. 


Cantor  Link  or  Swinging  Link. 

. $1.15  (Includo  PB-16  Plug) 

.Not  prica....$  .27 
.Not  prico.. .33 


Tha  HRT  is  a  now  plastic  tun¬ 
ing  knob  with  a  chroma 
plolod  oppooranco  circla.  Tho 
HRT  knob  fits  a  Vt"  diamo- 
lor  shaft  and  is  2^/%“  In 
diamolor.  Avoilablo  in  Black 
or  Gray. 

HRT  Knob.... Not  prico...  $  .75 


Company,  Inc, 

Yllalden,  muss. 


Fleas#  writ#  to  Department  10 
National  Company,  for  further  information. 


plastic  knobs  with  o 
IVt"  diamolor  chromo- 
platod  skirl.  Thoy  all  fit 
Vs"  diamolor  shofls.  Throo 
lypos  oro  ovailoblo  in 
.  Block  or  Cray. 


XR-50  coil  forms  may  bo  wound 
os  dosirod  to  provido  a  pormoo- 
bility  tunod  coil.  Tho  form  wind¬ 
ing  longth  is  11/15*  and  Iho  form 
winding  diamolor  is  ’/t*.  Tho 
iron  slug  is  */%“  diamolor  by 
Vl”  long. 


Tho  AR-2  and  AR-5  coils  ora 
high  O  pormoobilily  lunod 
RF  coils.  Tha  AR-2  coil  tunas 
from  75  me  to  330  me  and 
Iho  AR-5  coil  tunas  from  37 
me  to  110  me  with  suilablo 
capacitors. 


.Not  prico . $1.71 

Not  prico . $1.44 

Not  prico . $1.01 


AR-3  High  Froguoncy  Coil. 
AR-5  High  Froguoncy  Coil. 
XR-50 . 


.ON-OFF  through  30*  rololi 
.5-0-5  through  180*  rotation 
.0-10  through  300*  rotation. 


.Not  prico. 
.Nat  prico. 
.Nat  prico. 
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REEVE5-HOFFMAN 

CORPORATION 


SALES  OFFICE  215  EAST  91  STREET,  NEW  YORK  28.  N  V 


PLANT  321  CHERRY  STREET,  CARLISLE,  PA 


NEW  PRODUCTS  (centtnuRd) 

mobile  inner  tubes  reduces  one  par¬ 
ticular  type  of  static  encountered  in 
automobile  radio  installations.  An 
air  hose  and  specially  designed  con¬ 
tainer  are  used  to  inject  a  small 
amount  of  the  powder  into  a  de¬ 
flated  tube. 


Cathode-Ray  Oscilloscope 


Radio  Corp.  of  America,  Camden, 
N.  J.  The  type  WO-60C  is  a  general- 
purpose  oscilloscope  built  especially 
for  use  in  industrial  applications. 
It  will  handle  voltages  as  high  as 


Western  Etectric^^^^ 

PROGRAM  DISPATCHING  SYSTEM 


This  new  Relay  Type  Program  changed  studio,  line  and  trans- 
Dispatching  System  rednces  your  cribed  programs,  auditions  and 
most  eomplicated  radio  broad-  announcements.  For  full  details 
cast  switching  operations  to  the  on  its  many  operating  advan- 
movement  of  one  key.  It  speeds  tages,  write  Graybar  Electric  Co., 
up  switching  in  serving  several  420  Lexington  Ave.,  New  York 
destinations  with  rapidly  inter-  17,  N.  Y.,  or  .. 

ASK  YOUR  LOCAL 


850  volts  peak  to  peak  and  its  low- 
frequency  response  reaches  0.5  cy¬ 
cles.  Upper  limit  is  300,000  cycles. 
Three  tubes  are  furnished  for  gen¬ 
eral  applications,  low-frequency 
work,  or  photographic  recording. 
They  can  be  quickly  and  easily  in¬ 
serted  for  the  specific  job  of  the 
moment. 


GraybaR 


BROADCAST  REFRESENTATIVB 


Electronic  Automatic 
Sorter  <33) 

Do  All  Co.,  254  North  Laurel  Ave., 
Des  Plaines,  Ill.  The  model  DS-20 
packaged  selector  for  mechanical 
parts  consists  of  three  units — gage 
head,  master  control,  and  segre- 
gator.  The  selector  is  adjusted  by 
use  of  gage  blocks.  Lights  indicate 
the  go-no-go  tolerances  at  the  same 
time  that  a  meter  indicates  exact  di¬ 
mensional  variations  from  the 
standard.  Attachments  for  count¬ 
ing  numbers  of  pieces  or  making  the 


THE  LATEST  IN  VHF  HARMONIC  MODE  CRYSTAL  UNITS 

Witti  RH-9  in  a  simple  one  tube  oscillator  circuit  output  X-tal  frequencies  from  12 
to  75  me,  while  operating  in  the  3rd,  Sth,  or  7th  mechanical  mode,  can  be  gener- 
•ratea.  These  frequencies  can  be  multiplied  to  higher  frequencies  as  desired. 

•  .005*/.  maximum  frequency  drift  from  — 55*c  to  4-90*c 

•  Capacity  tetween  pins  approximately  1  mmfds 

•  Shock  and  vibration  tested  (Ideal  for  mobile  equipment) 

•  For  transmitting,  receiving,  and  filtering  circuits 

•  For  FM  and  TV 

•  Higher  frequencies  on  special  order 


For  Spocificdtiono 
of  Cryatol  Unit 
RH-9  write  for 
CalaloqRHC-2 


ELECTRONICS 


|5--^F0UND 


Step-up  or  step-down  power 
transformer,  Type  CRP-301223, 
mode  by  Roytheon  Mfg.  Co. 
From  220/440  v  to  1  1  5  v,,  or 
from  115  V  to  220/440  v. 
Rated  2  5  kw.  Measures  10''j 
inches  square  by  1  1  Vj  inches 
high.  Completely  louvred  ond 
well  insulated  orsd  shielded 
steel  case  with  mounting  brack¬ 
ets.  Weighs  opp.  65  lbs. 
Harvey  Special  Price  $49  50 


Note:  All  pric 
NYC  and  are 


RADIO  COMPANY  INC 


LO.  3-1800 


NEW  MIODUCTS  (co«tliHi*<l) 

equipment  operable  by  a  sightless 
person  can  be  supplied.  * 


Amateur  Frequency  Meter  ^^4) 

Browning  Laboratwues,  Inc., 
Winchester,  Mass.  The  model  MJ-9 
frequency  meter  provides  a  means 
for  checking  the  frequencies  of  f-m 


QvailabI*  in  quantity,  OLYM- 
PIC  standardizud  transformtr  catM 
ar«  (pacifically  dasigntd  to  moot  all 
normal  roquiromontt  whoro  standard 
casos  aro  usod.  Construction  is  rigid, 
with  roundod  comors,  and  tight-fitting 
covors  top  and  bottom.  OLYMPIC  stand¬ 
ard  transformor  casos  can  bo  fumishod 
with  piorcod  covors,  studs,  brackots  or 
chonnols.  Inquirios  aro  invitod— writ# 
for  lllustratod  bullotin— no  obligation. 


103  WmI  43rd  St.,  N«w  York  18,  N.  Y. 


or  a-m  transmitters  operating  in 
the  amateur  bands  from  3.5  to  148 
me.  A  600-kc  crystal  oscillator  is 
used  as  a  reference  standard  and 
the  overall  accuracy  of  the  unit  is 
0.05  percent  at  all  frequencies. 


OLYMPIC 


TOOL  &  MFG.  CO..  INC. 


39  CHAMBERS  ST  NEW  YORK  7.  N  Y 


tal  pickup  and  will  satisfactorily 
operate  a  10-inch  speaker.  It  is 
physically  small  so  that  it  can  be 
fitted  into  a  cabinet  designed  for 
turntable  and  speaker  combinations. 


Phonograph  Amplifier 


Allied  Radio  Corp.,  833  West  Jack- 
son  Blvd.,  Chicago  7,  Ill.  The 
Knight  4-watt  amplifier  can  be 
driven  by  any  high-impedance  crys- 


THESE 


STANDARD 


TRANSFORMER 
k  CASES  j 
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Double  Winding  Relay  ^^6) 

Stevens-Arnold  Co.,  22  Elkins  St., 
South  Boston,  Mass.  The  type  162 
relay  has  double  windings,  one  of 


Here's  the  item  everyone  has 
been  waiting  for  ...  a  constant 
voltage  transformer  very  con¬ 
servatively  roted  at  0.82  kw. 
Primory  voltage  92-1  38  v.  sec¬ 
ondary  voltage  115  ’/j  of 

1  °i‘.  Shipping  weight  opp.  1  30 
lbs  A  rare  bargain  at  $135.00 


GE  Electronic  Switch,  Type  YE-9. 
This  -instrument  was  designed 
for  special  electrical  studies  of 
wave-form,  phase,  frequency 
relationship,  etc.  It  will  show 
the  simultaneous  observation, 
for  comparison,  of  two  or  more 
independent  signals  on  the  screen 
of  o  cathode-tube  oscilloscope. 

$59.50 


Here  are  two  rare  bargains  for 
the  engineer  who  needs  them 
and  at  a  bargain!  But  that's 
the  way  Harvey  operates  .  .  . 
all  the  standard  merchandise  in 
stock  .  .  specials  when  they  are 
real  buys,  or  hord-to-get. 


2.5  KW  TRANSFORMER 


step 


30 


Typ 


CRP 


lafed 


Ided 


brack 


CONSTANT  VOLTAGE 
TRANSFORMER 


Among  the  many  stock  items 
which  Harvey  always  has  in 
stock  are  test  instruments  and 
equipment.  This  sample  is  typical  . 


El-125 
El-137 
El-13 
El-151 
El -34 


3»~  y/i-  4'l6i 

31^  31*-  4»’6i 

4V  4‘A-  5'!6» 

5"  4iy  5'%| 

5V  4%-  6'Yki 


•  FIRM  BOND  TO  METAL  INSERTS 


LOW  LOSS  FACTOR 


•  HIGH  ARC  RESISTANCE 


USE  G-E  MYCALEX  INSULATION 


Mese> 

Insulation  Advantages  .  . 


•  When  you  specify  General  Electric 
mycalex  for  your  designs,  small  as  well 
as  large  electric  parts  can  be  com¬ 
pletely  insulated.  This  gray,  stone- 
hard  compound  of  glass  and  mica  is 
recommended  for  its  high  dielectric 
strength— low  loss  factor— toughness- 
heat  resistance— chemical  and  dimen¬ 
sional  stability. 

G-E  mycalex  is  available  in  the 
shapes  and  quantities  you  need.  It  can 
be  ordered  in  standard  rods  and  sheets, 
or  it  can  be  molded  or  fabricated  to 
your  specifications.  Samples  will  be 


supplied  to  you  on  request. 

You  can  test  this  unique  insulating 
material  in  your  own  plant  by  having 
G-E  mycalex  specialists  fabricate  sam¬ 
ple  parts  from  your  designs.  After  test¬ 
ing,  your  designs  can  be  converted  to 
the  speediest,  most  economical  mold¬ 
ing  processes.  For  more  details,  send 
for  a  free  copy  of  General  Electric’s 
l>ooklet,  “G-E  Mycalex.”  Just  write  to 
Section  S-20,  Plastics  Division,  Chemi¬ 
cal  Department,  General  Electric 
Company,  1  Plastics  Avenue,  Pittsfield, 
Massachusetts. 


GENERAL 


ELECTRIC 

CD47-MM 


ELECTRONICS  — Ju/y.  1947 


213 
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(continued) 


■ 
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ItobosscA 
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\jr.  ^ 
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^  V/rd.  CO..  '0^7 


I 


X' 

X 

1  ^  1  Y 

J 1  ■ 

Q..  .1^ 

TYPE 

850-A  850-B 


The  units  illustrated  represent  a  complete 
redesign  of  oyr  older  precision  attenuators  for 
laboratory  standards.  Flat  for  all  frequencies  in  the  audia 
range.  Reasonably  flat  to  200  k.c.  up  to  70  db. 

Bulletin  sent  on  request. 


ManufcfCturers  of  Precision  Electrical  Resistance  Instruments 

337  CENTRAL  AVE.  .  JERSEY  CITY  7.  N.J. 


which  is  used  for  operation  and  the 
other  as  a  hold-in  coil.  It  is  made 
in  one  size  with  single-pole,  dou¬ 
ble-throw  contacts  for  use  with  re¬ 
sistive  or  capacitive  loads.  Catalog 
214  gives  complete  information  on 
how  to  use  this  device  for  photoflash 
and  similar  service. 


Television  Capacitors  (37) 

Cornell-Dubilier  Electric  Corp., 
South  Plainfield,  N.  J.  The  type 
TMC  series  of  capacitors  with  ca¬ 
pacitance  range  from  0.005  to  0.05 
microfarad  in  d-c  voltage  ratings 


from  2,000  to  5,000  volts  has  been 
particularly  designed  to  meet  the  re¬ 
quirements  of  television  equipment 
manufacturers.  The  units  are  tubu¬ 
lar  metal-can  types  with  end  leads. 

High'F  requency 
Capacitors  (38) 

Cornell-Dubilier  Electric  Corp., 
South  Plainfield,  N.  J.  The  type  UP 
electrolytic  capacitors  are  charac¬ 
terized  by  their  ability  to  operate 


Here’s  WIRE  with 
WIND-ABILITY"  PLUS 


FOR  MINIMUM 
OVER-ALL  WINDING 
COST  AND  MAXIMUM 
UNIFORMITY 


FORT  WAYNE  6,  INDIANA 


I  liGH  SPEED  winding — whether  bobbin,  random 
or  gang  —  subjects  magnet  wire  to  punishing  treatment.  Insulating  film 
must  be  tough,  yet  pliable.  Copper  must  have  the  proper -degree  of  anneal. 
The  spool-to-spool  uniformity  must  be  right. 


Essex  Extra -Test  Magnet  Wire  has  earned  an  unexcelled  reputation  in  the 
most  exacting  applications.  It  helps  insure  coils  of  uniform  size  and  resist¬ 
ance  value  —  maximum  turns  in  available  space  —  freedom  from  broken 
wires,  pile-ups,  crossed  turns,  runbacks,  spaced  turns,  and  frequent  tension 
adjustments.  When  you  specify  Essex  Extra-Test  Magnet 
f  WIRE  j  Wire  you  can  be  sure. 


PRODUCTS 


Plants:  Fort  Wayne,  Indiana;  Detroit,  Michi¬ 
gan;  Anaheim,  California 
Warehouses*  and  Sales  Offices:  -Atlanta, 
Ga.;  -Boston,  Mass.;  -Chicago,  Ill.;  Qeveland, 
Ohio;  Dallas,  Texas;  Dayton,  Ohio;  -Detroit, 
Michigan;  Kansas  City,  Mo.;  -Los  Angeles. 
California;  Milwaukee,  Wisconsin;  -Newark, 
N.  J.;  Philadelphia,  Pa.;  -St.  Louis,  Mo.; 
-San  Francisco,  California. 


ELECTRONICS 


SUPERIOR  TUBE  COMPANY 

ElECTRONICS  DIVISION 

3500  Gormantewn  Av*. 
NORRISTOWN,  RA. 


RESEARCH,  DE 
MENT  AND  LO 


NEW  PRODUCTS  (conttnu«d) 

at  high  temperatures.  An  addi¬ 
tional  feature  is  the  elimination  of 
intercoupling  between  individual 
sections  at  radio  frequencies.  Di¬ 
mensions  of  the  regular  type  UP 
capacitors  have  not  been  exceeded. 


Multipole  Sequence  Relay  (39) 

STRUTHERS-DUNNi  INC.,  146  No. 
13th  street,  Philadelphia  7,  Pa.  A 
new  reversing,  separate-circuit 
ratchet-operated  multipole  sequence 
relay  known  as  type  96AFA,  it  is 
adaptable  to  numerous  applications 
involving  the  addition  and  subtrac¬ 
tion  of  loads,  as  in  switching  in  or 
switching  out  individual  units  from 


Gaskets  of  Silastic* 

Seal  High  Vacuum  Systems 


COOITEST  MINNEArOLlS-HONETWaL  ftCCOLATOK  CO. 


a  bank  of  capacitors.  It  is  a  two- 
coil  relay.  One  operating  coil  steps 
the  cam  shaft  forward,  a  step  at  a 
time.  Similarly,  the  second  opera¬ 
ting  coil  steps  the  shaft  in  the  re¬ 
verse  direction.  Mechanical  stops 
limit  the  forward  and  reverse  travel 
of  the  shaft.  Standard  ratchets  sup¬ 
plied  have  12  teeth.  Thus  a  total  of 
12  contacts  may  be  obtained  in  a 
sequence,  with  no  more  than  6  sepa¬ 
rate  contacts  between  each  pair  of 
bearing  supports.  Operating  coils 
are  for  a-c  use  only.  Engineering 
data  Section  4681  contains  full  de¬ 
tails  on  this  as  well  as  other  se¬ 
quence  relays. 

Radiation  Detector  (40) 

North  American  Philips  Co.,  Inc., 
100  East  42nd  St.,  New  York  17, 
N.  Y.  A  new  compact  portable  Gei¬ 
ger-counter  radiation  detector  uses 


Silastic,  the  Dow  Coming  Silicone  Rubber,  is 
o  unique  kind  of  rubber-like  material.  It  has 
special  properties  which  enable  it  to  give 
excellent  service  in  many  situations  where 
organic  rubbers  fail  rapidly.  You  can  do 
things  with  Silastic  which  can't  be  done  at  all 
with  organic  rubbers.  You  can  do  many 
things  better  with  Silastic  than  you  can  with 
conventional  rubbers. 

Consider  the  sealing  of  high  vacuum  systems, 
for  example.  Organic  rubbers  are  used  for 
this  purpose,  but  they  have  to  be  "condi¬ 
tioned”  by  heat  treating  or  leaching  with 
solvents.  Such  treatment  generally  removes 
the  volotile  materials  which  would  destroy 
the  vacuum  and  contaminate  the  system — 
but  it  weakens  the  rubber  and  makes  it  less 
resilient. 

Gaskets  of  Silastic,  however,  need  no  condi¬ 
tioning.  No  plasticizers  of  any  kind  and  no 
organic  rubbers  are  added  to  Silastic.  It  is 
cured  at  temperatures  beyond  the  limits  of 
most  organic  rubbers  and  is  non-volatile  even 
at  high  temperatures  and  under  high  vacuum. 
That's  why  Minneapolis-Honeywell  Regulator 
Co.  uses  gaskets  of  Silastic  to  seal  high 
vacuum  systems  in  which  lenses  are  coated 
with  magnesium  fluoride  vaporized  at  high 
temperatures. 

Silastic  stays  elastic  in  arctic  cold  or  oven 
heat.  It  is  inherently  stable  to  extreme  heat, 
cold,  and  weathering.  Some  stocks  also  have 
exceptional  resistance  to  chemical  attack. 
Silastic  is,  therefore,  an  ideal  gasketing 
material  for  many  industrial  uses,  including 
high  vacuum  equipment.  Its  usefulness  as  a 
gasketing  material  is  described  in  leaflet 
No.  N  13-2. 

*TRAOE  MARK.  00*  CORNINC  CORTORATIM 


DOW  CORNING  CORPORATION 

MIDLAND,  MICHIGAN 


New  York  •  Chicago  •  Cleveland  •  Lot  Angeles 
In  Canada:  Fiborglas  Canada,  Ltd.,  Toronto 
In  England:  Albright  and  Wilson,  Ltd.,  London 


and 


Seamless 


LocWseam 


'  and  other 

WITHIN  THE  ENVELOPE” 

TUBULAR  STRUCTURES 
for^^ll^types  of 
ELECT^N  TUBES 


TO  STANDARD 
SPECIFICATIONS  OR 
SPECIAL  DESIGN 

*Produced  under  Superior  patents 


J 


NOW 

AVAIIABIE! 

technical  boo 

Qfl  US6S 

of^ 

PIA^TICON’ 

GLASSMIKES 


Contains  the  following  subjects: 

•  CHART  OF  RF  CURRENT  RATINGS 

•  Glassmike  characteristics  and  design  data 

•  Comparison  of  Glassmikes  and  Mica  Capacitors 

•  Uses  of  Glassmikes  for  improved  RF  and  Audio 
bypassing 

•  Use  in  Audio  and  RF  coupling 

•  Glassmikes  in  television  power  supplies 

•  Video  coupling 

•  Vibrator  buffer  applications 

•  Geiger  Counter  Capacitors 

•  Instrument  capacitors 

•  and  many  other  applications 

•  PLASTICONS:  Plastic-Film  Dielectric  Capacitors 


Partial  list  of 
PLASTICON*  users: . 

Arionaa  National  Lanoratori 
Allif  Cbalmen  Manafaclariaf  Co. 

Armonr  Retaarch  Foundation 
Belmont  Radio  Corporation 
Camesie  Inatilule  of  Teclnology 
Dablgren  ProO'tag  Ctanaidi 
Eattman  Kodak  Company 

Electronic  Equipment  Laboratory,  Wright  Field 
Federal  Telephone  A  Radio  Corporation 
Federal  Telecovmnnication  Laboratory 
Farnsworth  TeloTision  A  Radio  Corp. 

Galrin  Manufacinrinf  Corporation  ’’ 

General  Electric  Company 

Haaeltine  Electronic  Corporation 

Humble  Oil  Company 

Massachotetta  Institute  ol  Technoloiy 

Monsanto  Chemical  Company,  Oak  Ridge,  Tanestee 

National  Adrisory  Council  on  Aeronautics 

North  American  Philips  Company 

Naval  Research  Laboratory 

Naval  Ordnance  Laboratory 

National  Retoareh  Council,  Canada 

Progressiva  Weldor  Company 

Radio  Corporation  of  America 

Russell  Electric  Company 

Radio  Receptor  Company 

Rauland  Corporation 

Sciaky  Brothers 

Sylvania  Electric  Company 

Sperry  Gyroscope  Company 

University  of  California  at  Los  Angeles 

Universfly  of  California 

University  of  Michigan 

Vicloreen  Instrument  Company 

Weslinghousa  Electric  Company 


Encfosc  nomutaf  cAorga  of  ton  cents  for  haitdlini  and 
mailing  tehen  writing  for  thit  frta  booklet,  or  obtain 
from  your  local  dutributor. 


Your  Jobber  slocks  a  complete  line  of 
^  PLASTICONS*  in  metal  cans  and  Glassmikes 

Condenser  Produeis  C^fnpany 

197S  NORTH  RRANCH  STREiT  •  CHICAGO  27,  ILLINOIS 


1-  k  - 


s 


ELECTRONICS  — Jtf/y.  1947 


217 


tungsten 
WIET/VtS 


SILVER, 

SPECIAL  ALLO> 

ASSiM»ltD  TO  TH«WO 

coprw  AND  OTHeR  NO 

BRACMTS,  ARMS  AND  SCR 

Many  manufacturers 
over  their  contact  ass 

Wiico’s  accumulated 
tact  assemblies  prec 
and  material  to  then 

^ilco  Contact  Ass 

orflanizcition  of  th< 
craftsmen,  v/ith  a. 
trical  contacts  and 
sands  of  industrial 
embody-^iWR 
lonce  for  which  Wi 

Contact  materials 
density,  freedom  from 
high  conductivity  and 
static  Bimetals 
for  temperature  indicat 
temperature  compenso 

^^^.nlages  of  Wilco  con 
Whether  your  requirer 
o^oterials  orforassem 


s,  POWDER 

At  s7RWor^’^«>«' 

ws.(BRA«D.wvfTeo.TritDw. 

And  H  advai<tog»“‘ 

tiloiA  Ton- 

individual  requirements. 

mblies  are  fabricated  by  ^ 

!ll\s  skilled  engineers  and 

;  !a  record  of  adapting  eltc 
3-year  recoru  ^  ,hou- 

thermostatic 

military  application*. _ 


WILCO  PRODUCTS  INCLUDE: 

CONTACTS 

Stiver  -  Platinum  -  Tungilen  • 
Alloys  •  Sintered  Powder  Metal 
THfRMOSTATIC  BIMETAL 
All  temperature  ranges,  deflec¬ 
tion  rates  and  electrical 
resistivities 
SAVER  aAD  STEEL 
JACKETED  WIRE 

Silver  on  Steel,  Copper,  Invar 
or  other  cominations  requested 
ROUED  OOLO  PLATE  AND  WIRE 
NhSPAN  C* 

New  Comtont  Modulus  Alloy 

SPSOAL  MATERIALS 

TtoliMtSShSlfkiM  Ob.,  ht. 


COMPANY 


ELECTRONICS 


The  BROOK  HIGH  QUALITY 
onAn,.  AUDIO  AMPLIFIER 


Designed  by  LINCOLN  WALSH 


BROOK  ELECTRONICS,  Inc.,  34  DeHart  Place,  Elizabeth  2,  N.  J 


ID  OR  rectangular 

PAPER  TUBES 


NEW  PRODUCTS  (centinuadj 

five  tubes  and  can  be  carried  in  the 
hand  or  by  a  shoulder  strap.  Con¬ 
trols  and  indicators  are  located  on 
a  top  panel  so  that  adjusthients  and 
measurements  can  be  made  while 
the  unit  is  being  carried. 


The  superiority  of  a 
triode  amplifier  is 
most  apparent  in  the 
final  test .  t ,  listening 


Snap-Action  Relay  (41) 

Guardian  Electric  Mfg.  Co.,  Dept. 
SA,  1625  West’Walnut  St.,  Chicago 
12,  Ill.  The  series  100  relay  with 


•^AUTOMATIC  HAS  CONTROL  grMrtly  incraoMi 
.undistortcd  power  oi  modoroto  cotl. 

^^Ooin— SS  to  1 20  db  In  various  models. 

#Bass  and  treble  compensation  —  Two-stope 
tapped  condenser-resistor  networks. 

*lnput-3«,  150,  500/600  and  500,000  ohms. 
Output— 1 .5  to  30  ohms  and  500  ohms. 

'^ower  available  for  other  units  — 250  volts, 
0.090  A  DC;  6.A  volts,  5  A. 

I 

^Fuses— Main  power  and  6B4G  plate  line. 

^Attractively  finished  chassis.  High  quollty 
components.  Finest  workmanship. 


WTRIODi  TURES  used  Htroughout.  2-6MG, 
4-7A4,  2-7N7.  1-5U4G,  1-SY3C. 

^Three  push-pull  stages  preceded  by  an  in¬ 
verter  stage. 

Alntorstoge  transformer  insures  good  push-pull 
balance. 

d^lat  within  1  db  to  25  cycles  at  full  power  and 
to  4  cycles  at  reduced  power. 

^AFIot  within  0.2  db  to  30,000  cycles. 

ifO.6%  harmonic  distortion  and  0.2%  inter- 
modulation  distortion  at  5  watts. 

^ated  power— 30  watts  at  2*A%  total 
distortion. 


snap-action  contacts  is  suitable  for 
such  use  as  motor  starting  in  which 
fast  make  and  break  are  desirable. 


Resistor  Kit  (42) 

International  Resistance  Co., 
401  North  Broad  St.,  Philadelphia 
8,  Pa.  A  new  basic  kit  of  resistors 
suited  for  engineering  and  develop¬ 
ment  laboratories,  broadcast  sta- 


WlllOlM® 


Inside  Perimeters  from  .592"  to  19* 

With  specialized  experience  and  automatic 
equipment,  PARAMOUNT  produces  a 
wide  range  of  spiral  wound  paper  tubes 
to  meet  every  need  . . .  from  to  30'  long, 
from  .592'  to  19'  inside  perimeter,  includ¬ 
ing  many  odd  sizes  of  square  and  rectan¬ 
gular  tubes.  Used  by  leading  manufacturers.^ 
Hi'Dielectric,  Hi'Strength.  Kraft,  Fish 
Paper,  Red  Rope,  or  any  combination, 
wound  on  automatic  machines.  Tolerances 
plus  or  minus  .002'.  Made  to  your  specifi¬ 
cations  or  engineered  for  YOU. 


tions,  schools,  and  colleges  contains 
471  basic  resistors  and  6  bands  for 
adjustable  types.  They  are  all 
packed  in  a  metal  cabinet. 


Resistance  Limit  Bridge  (43) 

Herbach  and  Rademan  Co.,  517 
Ludlow  St.,  Philadelphia  6,  Pa.  The 
RLBllOM  electronic  resistance 
limit  bridge  has  been  designed  for 
the  rapid  production  testing  of  re¬ 
sistors  in  the  tolerance  ranges  of 
plus  and  minus  5,  10,  15,  or  20  per¬ 
cent.  It  is  essentially  a  d-c  Wheat¬ 
stone  bridge  followed  by  a  two-stage 
direct  coupled  d-c  vacuum  tube 


lianillUIIT  PAPER  TUBE  CORP. 

616  LAFAYETTE  ST.y  FORT  WAYNE  2,  IND. 

Manufacturers  of  Paper  Tubing  for  the  Electrical  Industry 
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Resistance-Voltage 

Characteristics 


TYPE  INR  "GLOIAr*  VOLTAGE  SENSITIVE  RESISTORS 
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Resistor 


Here  are  negative  resistance-voltage 
curves  plotted  for  two  GLOBAR  type 
BNR  Resistors.  Both  resistors  are 
voltage  sensitive.  However,  the  two 
curves  coincide  at  one  point  only, 
namely,  30  volts.  But,  of  more  impor¬ 
tance,  observe  how  the  difference  in 
resistor  design  drastically  alters  its  char¬ 
acteristics.  Note  the  effea  a  change  in 
the  shape  of  the  resistor  has  on  the 
slope  of  its  resistance-voltage  curve. 
Fundamentally,  this  change  in  character¬ 
istics  is  accomplished  by  altering  the 
specific  resistance  of  the  resistor. 

Graphically  presented  here,  this  variance 
in  charaaeristics — caused  by  resistor  de¬ 
sign  points  up  an  important  factor  in 
specifying  ana  ordering  GLOBAR  re¬ 
sistors  to  meet  exaa  needs  of  specific 
applications.  It  is  a  good  reason  why 
GLOBAR  resistors  are  not  carried  in 
stock,  but  are  quickly  made  to  your  re¬ 
quirements. 

To  save  time  and  trouble  in  producing 
for  you  voltage  sensitive  resistors  that 
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will  do  the  job  for  which  they  are  in-  5  Ohmic  resistance  of  the  resistor  and 
tended,  we  ask  only  that  you  furnish  a  allowable  plus  and  minus  tolerance, 
few  simple  facts.  Briefly  tabulated,  this  ^  Maximum  voltage  applied  continu- 
neccessary  information  is:  ously  or  intermittently. 

1  Type  of  apparatus  in  which  the  re-  7  Duration  of  load  and  elapse  of  time 

sistors  are  to  be  used.  between  its  application. 

2  Method  of  mounting  and  space  limi-  engineering  tests,  we  can  fur- 

tations.  samples  in  a  hurry.  For  any  infor- 

3  Normal  operating  voltage  and  peak  mation  that  may  be  helpful  in  working 

voltage  if  available.  om  your  resistor  problems,  feel  free  to 

4  Resistance  and  inductance  of  the  cir-  call  on  us.  The  Carborundum  Company, 

cuit  if  available.  Globar  Division,  Niagara  Falls,  N.  Y. 


GLOBAR  Ceramic  Resistors 

BY  CARBORUNDUM 


NEW  PRODUCTS 


(conflautd) 


PHOTO  ELECTRIC 
CELLS 


SIMPUFY  PHOTO^UCTRIC 
APPARATUS 

luKtron*  photooclls  convert  light 
diroctly  into  oloctricol  onorgy.  No 
•xtornol  source  of  voltage  is  re> 
quired.  Meters  and  relays  can  be 
operated  directly  from  Bradley 
Luxtron  photocelis,  improving  con¬ 
trol  over  manufoetoilhg  operations, 
reducing  your  costs.  They  meet  the 
most  exacting  requirements.  Ad¬ 
vanced  manufacturing  techniques 
make  light-actuated  Bradley  cells 
the  choice  ail  over  the  world. 

Besides  the  housed  model  shown 
with  its  plug-in  contacts,  Bradley 
also  offers  tube  socket,  nut-and-bolt 
types  and  pigtail  contact  mount¬ 
ings.  In  addition,  Luxtron  un¬ 
mounted  cells  are  available  in 
many  different  sizes  and  shapes. 

*T,  M.  eco.  u.  e.  PAT.  orr. 


Illustrated  literature, 
available  on  request, 
shows  more  models  of 
Brodley  photocells,  plus 
a  line  of  copper  oxide 
and  selenium  rectifiers. 
Write  for  "The  Bradley 


BRADLEY 

LABORATORIES,  INC. 

82  Meadow  St.  New  Haven  10,  Conn 


voltmeter  circuit  arranged  so  that 
the  resistance  deviation  from  the 
desired  value  is  directly  indicated 
on  a  meter.  A  battery  source  of  low 
voltage  has  been  used  to  insure  ac¬ 
curate  measurements  as  low  as  1 
ohm  without  excessive  power  dissi¬ 
pation. 


Photo  Relay  (44) 

Special  Products  Co.,  Silver 
Springs,  Md.  A  phototube  relay  in¬ 
tended  for  industrial  use  has  plug 


connections  for  quick  removal  and 
replacement  with  an  identical  unit. 
Speed  of  operation  of  the  equipment 
is  1/20  second,  with  1  second  for 
release.  The  output  circuit  contains 
a  relay  that  will  handle  a  5-ampere 
noninductive  load. 


Automatic  Rheostat  (4?) 

Electric  Regulator  Corp.,  1915 
Park  Ave.,  New  York  35,  N.  Y. 
The  Regohm  is  a  new  automatic 
rheostat  that  can  be  used  as  a  vari¬ 
able  circuit  element  for  a  regulated 
rectifier,  saturable  reactor  power 
amplifier  or  similar  device.  It  con¬ 
sists  of  a  solenoid  that  gradually 
opens  up  to  ten  contact  fingers  se¬ 
quentially  as  current  through  the 


Wires  drown  to  .0004"  diomster. 

libbon  rolled  to  .0001"  tMduiess. 

• 

Special  Alloys  for  individuol 
requirements. 

WRITE  for  list  of  stock  alloys. 


SIGMUND  COHN  5  COl 

44  001  0  !T.  .  S'FW  YORK 
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EDGEWISE^ 
WOUND 
COPPER  STRIP 
COILS 

{Steatite  or  Glass 
Bonded  Mica  Insulated) 

No  size  limitations — custom  built  for  specific  applications 

These  large  B  &  W  coils  are  popular  for.  tank 
circuits,  antenna  matching  networks  and  similar 
applications  where  rugged  dependability  must  be 
combined  with  design  adaptability  to  meet  in* 
dividual  conditions.  Custom  built  units,  based  on 
standard  B  &  W  designs  are  available,  in  either 
fixed,  tapped  or  continuously  variable  types  and 
with  either  fixed  link  or  fixed  variable  link  in 
any  combination.  Send  details  of  your  application 
for  recommendation  and  quotation. 


dhurlh  a  wiiLLinmoun, 

237  Fairfield  Ave.,  Upper  Darby,  Pa. 


ply  unit  has  been  designed  partic¬ 
ularly  for  furnishing  6  or  12  volts 
of  well-filtered  d-c  power  for  auto¬ 
mobile,  marine,  and  aircraft  radio 
receiver  testing.  The  unit  weighs 
31  pounds. 


Crystal  Probe  (47) 

Radio  Corp.  of  America,  Camden, 
N.  J.  The  new  type  MI-8263  ger¬ 
manium  crystal  probe  adapts  the 
Voltohmyst  and  Chanalyst  for  cir¬ 
cuit  testing  of  television,  frequency 
modulation  and  other  vhf  applica¬ 
tions  up  to  100  me. 


General  Purpose  Motor  (48) 

L  &  R  Mfg.  Co.,  577  Elm  St., 
Arlington,  N.  J.  The  small  motor 
illustrated  is  rated  at  1/10  hp,  6,000 
rpm,  a-c  or  d-c  and  has  a  spindle 
with  I  in.  shaft  extending  both 
directions.  It  is  equipped  with 


NEW  PRODUCTS 


Low-Voltage  Power 
Supply 


Electro  Products  Laboratories, 
Inc.,  549  West  Randolph  St.,  Chi¬ 
cago  6,  Ill.  The  Model  A  power  sup- 


&  ^amoui  name  in  ?Qcdlo 


(cont1nu*d) 


coil  is  increased.  Designed  for  d-c 
use,  only  a  small  dry-disc  rectifier 
is  required  for  a-c  service.  The  con¬ 
trol  resistor  is  separately  mounted 
and  connected  with  the  contacts 
through  the  contact  studs  on  the 
unit  that  is  plugge(|  into  a  socket. 
An  illustrated  bulletin  is  available. 


180°  VISIBIIITY 

wiffi 

SPECIAL  CONICAL  LENS 


SERIES  1600 


simplifies  design  •  saves  instalation  time  •  cuts  waste  space 


SELENIUM 

RECTIFIER 


for  sockets  and  tubes.  Cut  assembly-line  breakage 
losses  and  slowdowns. 

Built  for  ample  current  capacity,  the  new  General 
Electric  selenium  rectifier  can  stand  up  to  the 
inverse  peak  voltages  obtained  when  rectifying 
(half-wave)  110-125  volts  rms,  and  feeding  into  a 
capacitor. 

Normal  operating  temperatures  of  small  radios 
were  taken  into  consideration  in  the  designing  of 
the  General  Electric  selenium  rectifier.  Ratings  are 
based  on  ambient  temperatures  of  50  C  to  60  C. 
Heavy  varnish  coating  and  spring  contact  construc¬ 
tion  provide  uniformity  of  performance  against 
variations  of  humidity  and  temperature. 

Write  for  information  that  will  help  you  to  utilize 
the  advantages  of  General  Electric  selenium  recti¬ 
fiers  in  your  designs.  Section  A71-731,  Appliance 
and  Merchandise  Department,  General  Electric 
Company,  Bridgeport  2,  Connecticut. 


Taking  less  than  one  cubic  inch  of  space,  this  new 
General  Electric  selenium  rectifier  has  been 
designed  to  give  new  economies,  new  design  pos¬ 
sibilities  to  manufacturers  of  small  radio  sets.  It’s 
a  cost-saver  in  all  stages  of  production  from  the 
drawing  board  to  the  assembly  line.  Available  now, 
to  help  you  cut  costs,  it  gives  you  these  three  big 
advantages : 

SIMPLIFIED  DESIGN  —  A  conventional  circuit  con¬ 
sists  simply  of  a  G-E  selenium  rectifier  in  series  with 
a  ballast  resistor  in  one  side  of  the  line,  feeding  into 
a  capacitor  across  the  line. 

SMALLER  ASSEMBLIES  —  This  baby  rectifier  fits 
into  spaces  where  tubes  and  sockets  just  can’t  go. 
It  lets  you  design  for  smaller  assemblies,  smaller 
cabinets  —  gives  you  more  room  for  other  parts. 

LESS  INSTALLATION  TIME  -  Only  two  connections 
to  make.  Save  time  that’s  normally  wasted  in  wiring 


GENERAL 
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IINSTRUIRE^TS 

^04  &  plant 


WHEATSTONE  & 
KELVIN  BRIDGES 

Eighteen  models 
covering  lebore- 
*tory,  plent  and 
field  applications. 
Ranges  from 
0.00001  ohm  }o  100 
megohms.  High  ac¬ 
curacy.  Exception¬ 
ally  sturdy  con¬ 
struction.  Bulletin 


double  ball  bearings  requiring  no 
lubrication.  The  price,  ^33  fob,  in¬ 
cludes  three-step  pulley,  foot  rheo¬ 
stat  and  reversing  switch. 


GALVANOMETERS 

Fifty-one  models  in  a  wide  range  of 
sensitivities  for  nearly  every  application. 
Spotlight  Galvanometers  with  sensitivi¬ 
ties  up  to  0.0006  aiA  per  mm.  Widely 
used  in  laboratory  and  production  line 
testing,  for  deflection  as  well  as  null 
measurements.  Bulletin  320. 

PRECISION  POTENTIOMETERS 

Twenty-seven  laboratory  and  portable 
models  for  precise  voltage  measurement. 
Widely  used  as  laboratory  standards  in 
meter  calibration  and  for  thermocouple 
measurements.  Bulletin  270. 

COIL  TESTERS 

For  rapid 
low-cost  pro- 

duction  testing  .  / 

of  shorts  and 

opens  in  coil  11 

windings  of 

nearly  every 

shape  and  siie. 

Bulletin  109.  * 

LIMIT  BRIDGES 

For  rapid  low-cost  production  testing 
of  resistors  from  t  ohm  up  to  10  meg¬ 
ohms.  Bulletin  100. 

DECADE  RESISTANCE  BOXES 

Thirty-five  models  covering  the  range 
from  0  to  100,000  ohms.  Decade  Resistors 
with  increments  down  to  0.01  ohm  avail¬ 
able.  Exceptionally  sturdy  construction 
assures  long-term  accuracy.  Bulletin  100. 

STANDARD  RESISTORS 

J  Ij  Reichsanstalt  and  National 

||S9  Bureau  of  Standards  types 
Q  :K  from  0.001  ohm  up  to  10,000 
Hi  I  ohms,  limit  of  error  0.02%  and 
y  fl  0.01%.  Standard  shunts  from 
I  ■  0.00002  ohm  to  one  ohm, 

limit  of  error  0.04%.  Bulletin 


Contact  Spring 
Assemblies  (49) 

P.  R.  Mallory  and  Co.,  Inc.,  Indi¬ 
anapolis  6,  Ind.  Three  groups  of 
contact  springs  can  be  assembled 
into  many  types  of  spring  stackup 


depending  upon  the  needs  of  the 
circuit  designer.  Dimensional  draw¬ 
ings  on  tracing  paper  are  available. 
Additional  information  on  this  spec¬ 
ification  sheet  includes  alloys  and 
contact  materials  for  special  uses. 


Remote-Control  Tube  (50) 

Raytheon  Mfg.  Co.,  Newton,  Mass. 
The  type  RK61  subminiature  thy- 
ratron  is  particularly  adapted  for 
radio  control  in  model  aircraft  and 
boats.  The  tube  can  be  used  as  a 
self  -  quenching  superregenerative 
detector  to  operate  a  high-resist¬ 
ance  relay  in  the  anode  circuit  upon 
reception  of  a  signal.  Filament 
voltage  is  1.4  v;  current  is  0.05 
amp.  Anode  voltage  is  45  v. 


in  BRUSHES 

for  high  current  density  •  mini¬ 
mum  wear  •  low  contact  dropo 
low  electrical  noise  •  self-lubri¬ 
cation 

in  CONTACTS 

for  low  resistance  •  non-welding 
character 

CRAPHALIOY  works  whoro  othtrs  won'H 
Spocify  GRAPHALLOY  with  confldenc*. 

*A  spocial  silvor-imprognatod  graphita 


SPECIAL  INSTRUMENTS 

In  addition  to  the  partial  listing  of  in- 
strumsnts  above,  the  Rubicon  Company 
produces  a  wide  variety  of  special  equip¬ 
ment  involving  in  one  way  or  another  the 
precise  measurement  or  control  of  some 
electrical  quantity.  Inquiries  for  equip¬ 
ment  to  meet  special  needs  are  invited. 


Automatic  Tube  Exhaust  (51) 

Eisler  Engineering  Co.,  Inc.,  740 
South  13th  St.,  Newark  3,  N.  J. 
The  type  24  head  automatic  exhaust 
machine  can  be  used  to  manufac¬ 
ture  bulbs  up  to  the  1,500-watt 
size  as  well  as  the  larger  types  for 
electronic  tubes.  Operation  of  the 


Electrical  Instrument  Makers 

3757  Ridge  Avenue  •  Philadelphia  32,  Pa. 
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WAR  ASSETS  ADMINISTRATION 


soLomess  connectoks 


SOLDSRtMG  LUOS 


WAA  offers  you  another  big  chance  to  save  on  your 
electrical  material  needs. 

Here  it  is— almost  $2,000,000  worth  of  solderless  con¬ 
nectors  and  soldering  lugs  will  be  sold  on  sealed  bids. 
The  following  Regional  Offices;  Boston,  New  York, 
Philadelphia,  Cincinnati,  Chicago,  Los  Angeles, 
San  Antonio  and  San  Francisco  the  largest 
inventories. 

For  full  information  concerning  descriptions  of  items, 
location,  packaging,  and  conditions  of  sale  write  to  any 
of  the  above  offices  or  visit  your  Customer  Service  Center. 
At  the  same  time  request  that  your  name  be  placed  on 
the  Regional  Office  Inailing  list  for  this  type  equipment. 


soLommo  luos 

Most  Siz«s  An  Avoilabl*.' 

V  Exportarsl  Your  business  is  solicited. 
Much  material  which  is  surplus  in 
the  United  States  is  urgently  needed 
or  is  readily  salable  in  other  coun¬ 
tries.  Watch  for  other  offerings;  many 
of  them  may  be  of  interest  to  your 
clients. 


SOLDOULtSS  COMNSCTOnS 

Many  Types  AvailabU  in  Larg*  Quantities. 


Offices  located  at:  Atlanta  •  Birmingham  •  Baston  •  Charlotte  •  Chicago  •  Cincinnati 
Cleveland  •  Denver  •  Detroit  •  Grand  Prairie,  Tex.  •  Helena  •  Houston  •  Jacksonville*  Kansas  City,  Mo. 

Little  Reck  •  Los  Angeles  •Louisville  •  Minneapolis  •  Nashville  •  New  Orleans  •  New  York  •  Omaha  •  Philadelphia 
Portland,  Ore.  •  Richmond  •  Salt  Lake  City  •  St.  Louis  •  Son  Antonio  •  Son  Francisco  •  Seattle  •  Spokane  •  Tulsa 


ELECTRONICS 
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ytm€>UMU  Business  Communication  Systems 


equipment  is  contipuous  and  auto¬ 
matic,  requiring  only  manual  feed- 
and  removal. 


American  Television  &  Radio 
Co.,  300  East  Fourth  St.,  St.  Paul, 
Minn.  A  new  line  of  auto  radio  re¬ 
placement  vibrators  has  been  devel¬ 
oped  and  put  into  production. 


Replacement  Vibrators  (52) 


Dramatically  different  in  its  impressive  plastic  styling, 
definitely  advanced  in  functional  design  . . .  that's  the 
New  AMPLICALL!  Apart  from  exceptional  fidelity 
of  speech  reproduction,  the  New  AMPLICALL  in¬ 
corporates  a  number  of  exclusive  advantages  in  oper¬ 
ation  and  installation  which  sets  it  apart  as  a  signifi¬ 
cant  design  achievement  in  the  intercommunication 
field.  New  AMPLICALL  Systems  are  available  to  meet 
every  conceivable  business  communication  require¬ 
ment.  You  are  invited  to  write  for  full  details  cover¬ 
ing  America’s  Finest  Intercommunication  Systems. 


Featuring: 

"Buty"  Sigmol — viiuol  type  using 
neon  bulb  indicator 
Mug-In  Masters  for  quick  ex¬ 
change  or  transfer 
Illuminated  volume  control  to  in¬ 
dicate  "on" 

Balanced  lines— eliminotef  need 
for  shielded  lines  to  Remote  sto- 
tions 

Handset — optional  for  privote 
conversotion 


THE  RAULAND  CORPORATION 
4265  N.  Knox  Avenua,  Chicago  41,  Illinois 

RADIO  •  RADAR  •  SOUND  •  COMMUNICATIONS  •  TELEVISION 


spEci 


SEND  BLUEPRINTS 
fO  SPECiFICATIONS- 
NO  OBLIGATION! 


When  you  use  these  tough,  light¬ 
weight  and  inexpensive  parts, 
you  build  their  many  advantages 
into  your  own  product.  Fabri¬ 
cated  to  order,  BAER  FIBRE 
washers,  special  shapes,  terminal 
boards,  and  other  parts  are  ac¬ 
curately  and  uniformly  produced 
to  specification  in  any  quantity. 
Selection  of  grades  by  physical 
and  electrical  qualities,  permits 
application  to  a  wide  range  of 
operating  conditions  and  require¬ 
ments.  Investigate  now! 

UTFRATURE  ON  REQUEST 

N.  S.  BAER 
COMPANY 

MONTGOMERY  ST.,  HILLSIDE,  N.  J. 


Capacitance  Bushing  (53) 

Erie  Resistor  Corp.,  Erie,  Pa.  The 
new  type  2373  feed-through  Cera- 
micon  capacitor  has  been  developed 
primarily  as  a  heavy-current  carry¬ 


ing  insulated  bushing  rated  at  1,000 
volts  d-c  for  use  on  industrial  heat¬ 
ing  and  similar  equipment. 


Railroad  and  Marine 
Speakers  (54) 

University  Loudspeakers,  Inc., 
225  Varick  St.,  N.  Y.  Four  new 
speaker  types,  MIS,  MIL,  MM-2, 
MM-2F,  ranging  in  power  from  5 
to  15  watts  meet  severe  require¬ 
ments  of  marine  and  railway  instal¬ 
lations.  Dust,  live  steam,  and  salt 


1 


RUGGED  •  COMPACT  •  LIGHTWEIGHT 


FENWAL  INCORPORATED 


43  PLEASANT  STREET,  ASHLAND,  MASSACHUSETTS 


*T.  M.  R*«.  U.  S.  Pat.  Off. 


APPLIANCE  THERMOSWITCH* 
CONTROL 


Safff  •Accuratff  •  Long-Lasting  \ 

Tffmperatur*  Control  For  All  \ 

Typos  of  Eloctrical  Appliances  \ 

The  unique  and  rugged  design  of  the  new\ 
Fenwal  Appliance  THERMOSWITCH  Control^ 
provides  a  heat  control  unit  that  will  withstand 
shock,  vibration,  tampering  and  other  opera- « 
tional  hazards  that  lower  product  life  . . .  andj^ 
influence  buying  attitudes. 

Note  these  outstanding  features: 

•  Torque  applied  to  terminal  binding  posts  will  not 
shift  contact  support  members. 

•  Adjusting  screw  will  not  drift  under  rtormal 
tion. 

•  The  mounting  bracket  provides  for  side  or  bottom 

mounting,  or  a  cross-mounting  bracket  is  available  ^ 
for  special  applications.  « 

•  One-piece,  welded  case  and  cover  assures  rugged,  " 
tamper-proof  unit . . .  stable  temperature  settings. 

TWO  DISTINCTLY  DIFFERENT  MODELS  FOR  HIGH 
AND  LOW  TEMPERATURE  RANGES 

The  Appliance  THERMOSWITCH  Control  is  avail¬ 
able  in  mcHiels  especially  designed  for  both  high  and  low 
temperature  ranges.  The  high  temj)erature  model  pro¬ 
vides  control  over  the  wide  range  of  50'’F.-600'’F.  The 
low  temperature  model  provides  extremely  critical 
control  for  low  temperature  applications  throughout  its 
range  of  50‘’F.-250°F.  Each  model  assures  the  highest 
degree  of  efficiency  and  dependability;  both  incorporate 
the  outstanding  Fenwal  characteristics. 


- S  PECIFICATION  S - 

Ovarall  com  dimension;  high  x  wide  2^'  long. 
Maximum  Load  Rating:  1200  watts  on  1 10  volt  60  cycles. 
TEMPERATURE  RANGE; 

50°  F.  to  250°  F.  (Series  30003) 

50°  F.  to  600°  F.  (Series  30002 ) 


1.  Expanding  stainless  steel 


2.  Pine  silver  eontacts. 

3.  Contact  Supporting  Mem¬ 
bers. 

4.  Low  expansion  metal 
bridge. 


5.  Ceramic  Insulating  But¬ 
tons. 

6.  Precision  Ceramic  Loca¬ 
tor. 

7.  Stop  Collar. 

8.  Adjusting  Screw. 

9.  Terminal  Binding  Posts. 


There  is  a  Fenwal  THERMOSWITCH  Control  to 
meet  the  requirements  of  most  temperature  control 
applications.  Write  for  complete  information. 
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PEmHEllllUTf 


i  mmt  admm 
for  FM4M  hemer  ksigii 


•  This  company  has  long  pioneered  the  permeability  tuning  field  and 
has  secured  a  number  of  patents  which  disclose  substantial  improvements  in 
that  field.  These  patents  are  all  available  for  licensing  upon  reasonable  terms. 

Please  communicate  with  us  if  you  would  like  to  discuss  the  licensing 
of  your  company  under  these  patents. 


_tAode\  770- 


1.  Higher  L/C  rafR^ 

2.  Freedom  from  microphonics. 

3.  Greater  frequency  stability. 

# 

4.  Simplified  wiring  and  switching. 

5.  Shorter  H.  F.  leads. 

6.  All  tuning  elements  in  one 
integral  unit. 

7.  Lower  overall  cost. 


JOIIMOI  LitBORATORIES 

DIVISION  OF  MANTLE  LAMP  COMPANY  OF  AMERICA 
2  2  3  W.  Jackson  Ooulerard,  Chicago  6,  Illinois 
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TRACING  CLOTH 


PENCILS 


PRECISION 


APPARATUS  CO.,  Inc 
92-27  Horace  Harding  Blvd 
Elmhurst  TO,  N.  Y. 


(contlnu«dJ 


NEW  PRODUCTS 


VOLTS 

OHMS 


DECIBELS 

AMPERES 

microamperes 


with  the  NEW  Precision 

Malti-Master 
Series  858 


spray  have  no  effect  upon  their  ac¬ 
tion.  They  are  furnished  with  a 
flanged  edge  for  flush  cabinet 
mounting  or  with  an  adjustable 
bracket  for  wall  mounting.  Impe¬ 
dances  are  8  or  15  ohms. 


20,000  and  1,000  ohms 
per  volt 

High  »p«»d,  54  rang*,  dual-high  sen- 
Bltiulty  AC-OC  de-luKe  mulll-range 
test  set.  Ranges  to  6,000  yplts  —  600 
megohms  —17  amperes  —  70  DB  — 
60  mitroamperes. 


Tube  Tester  (55) 

Radio  City  Products  Co.,  Inc.,  127 
West  26th  St.,  New  York  1,  N.  Y. 
A  portable  tube  and  set  tester. 


e  Imperial  Pencil  Tracing  Cloth  has  the 
same  superbly  uniform  cloth  foundation 
and  transparency  as  the  world  famous 
Imperial  Tracing  Cloth.  But  it  is  distin¬ 
guished  by  its  special  dull  drawing  sur¬ 
face,  on  which  hard  pencils  can  be  used, 
giving  clean,  sharp,  opaque,  non-smudg¬ 
ing  lines. 

Erasures  are  made  easily,  without  dam. 
age.  It  gives  sharp,  contrasting  prints  of 
the  finest  lines.  It  resists  the  effects  of 
time  and  wear,  and  does  not  become 
brittle  or  opaque. 

Imperial  Pencil  Tracing  Cloth  is  right 
for  ink  drawings  as  well. 


600  megohm  insulation  resistance  test 
rang*.  Recessed  6,000  volt  soiety  Jacks. 
Etched-Anodised  aluminum  panels. 

RANGE  SPECIFICATIONS 

*  6  triple  duty  voltage  ranges  to  6,000 
volts.  Initial  rang*  0-3  volts. 

20.000  AND  1,000  ohms  per  volt  D.C., 
1,000  ohms  per  volt  A.C. 
e  8  D.  C.  current  ranges  from  0-60  micro¬ 
amps  to  12  amps. 

-*  6  ohmmeter  ranges  to  600  megohms. 

*  8  D.B.  ranges  irom  — 26DB  to  -j-70  DB 
a  8  output  ronges  to  6,000  volts. 

Model  858-L:  modem,  shallow,  bakelite 

laboratory  type  cose,  site  7^  x  83,4  x 

3  .  $47.94 

Model  858-Pi  portable,  hardwood  case  with 
tool  compartment  and  cover,  sise  8%  x 

10  X  4Vi . $49.94 

(complete  with  batter' es  and 
High  Voltage  test  leads) 

ASK  to  see  the  "Precision"  line  oi 
Quality  Test  Instruments  on 
display  at  all  leading  radio 
ports  and  equipment  distribu¬ 
tors.  Signol  Generators,  V.T. 
V.M'S,  Tube  Testers.  Multi- 
Range  Test  Sets,  etc. 


NOW- 

A  QUALITY 
2-KW  INDUCTION 
HEATING  UNIT 


.VSv. 


,  f  ifsfm™.  . 

't  [ 


N«v«r  b«for«  a  valua  lika  this  naw 
2-KW  bsnch  modal  "Bombardar"  or  high 
fraquancy  induction  haatar  .  .  .  for  sav¬ 
ing  tima  and  monay  in  surfaca  hardan- 
ing,  brazing,  soldaring,  annaaling  and 
many  othar  haat  traating  oparations. 

Simpla  .  .  .  Easy  to  Oparata  .  .  . 

Economical  Standardization  of  Unit 

Makas  this  Naw  Low  Prica  Possibla 

This  compact  induction  haatar  savas 
spaca,  yat  parforms  with  high  afficiancy. 
Oparatas  from  1 10-volt  lina.  Complata 
with  foot  switch  and  ona  haating  coil 
mada  to  customar's  raquiramants.  Sand 
samplas  of  work  wantad.  Wa  will  ad- 
visa  tima  cycia  raquirad  for  your  par¬ 
ticular  job.  Cost,  complata,  only  $^50. 
Immadiata  dalivary  from  stock. 

Sciantific  Elactric  Elactronic  Haatars 
ara  mada  in  tha  following  ranga  of 
Powar :  I  -3  -5-7 1/2-  >  0- 1 2 1/2- 1 5- 1 8-25-40-60- 
80-I00-250KW. — and  ranga  of  fraquancy 
up  to  300  Mags,  dapanding  on  powar 
raquirad. 


Division  of 


“S”  CORRUGATED  OUENCHED  GAP  CO. 

I  107  Monroa  St.,  Garfiald,  N.  J. 


yi[i! 


PILOT  LIGHT 
ASSEMBLIES 


HN  SERIES— Deslgiad  for 
f  NE-51  Neon  Lamp 

K  Features 

•  THE  MULTI-VUE  CAP 

*  built-in  resistor 

tH  •  110  or  220  VOLTS 

III  •  EXTREME  .RUG6EDNESS 

Ul  •  VERY  LOW  CURRENT 

U  W  Write  for  descriptive  booklet 


The  DIAL  LIGHT  CO.  oi  AMEBICA 

FOREMOST  MANUFACTURER  OF  PILOT  LIGHTS 

900  BROADWAY,  NEW  YORK  3.  N.  Y. 

Talaphona — Algonquin  4-5180 


Premier  Dials,  Panels  and  Name 
plates  combine  maximum  utility 
with  the  added  PLUS  of  sales 
appeal.  Sharp,  clear  and  accu 
rate!  Rich  colors  and  "baked 
in”  finishes !  Premier  metal  prod 
ucts  reflect  this  superiority  ir 
increased  sales  for  you. 


DIALS, 
PANELS 
&  PLATES 


Etched  and  Lithographed  on 

•  Aluminum  •  Brass 

•  Broni  e  •  Cooper 

•  Monel  •  Nickel  Silver 

•  Stainless  Steel 


PREMIER  METAL  ETCHING  COMPANY 

Quality  Products  for  Over  35  Years 
43-27  2IST  STREET,  LONGe ISLAND  CITY  I,  N.  Y 


,  mjjTTj-mr- 
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1,000;  ohms,  0  to  1,000  (midscale 
10),  10,000  to  100,000;  megohms, 
0,  1,  10,  100,  1,000.  capacitance  in 
fit  is  0,  0.06,  5,  60,  600. 


F-M  Broadcast  Ajitenna  (57) 

General  Electric  Co.,  Syracuse, 
N.  Y.  The  doughnut  f-m  antenna 
unit  illustrated  shows  the  method 


OMAN  ELECTRIC  PLANTS 


Johmon  Products 
Include 

Transmlf flag  Coa- 
daaMrt  —  ladiKtors 
— >  Tab*  Socket*  — 
R.  F.  Cbokos  —  9 
AatoMM*  —  iMola* 
tor*  —  Coaaoctort  — 
Flof*  aad  Jock*  — 
Hordworo  —  Pilot 
oad  Dial  Light*  — 
■  roadea*t  Cooipoa- 
oat* — Diroctloaal  Aa> 
toaaa  EqaipaMat 


New  Cotofog  #969 
OG  free  oa  Roqaast. 
Spoeldc  Data  fermUhed 
separately  oa  larger 
types. 


•  The  big  JOHNSON  condenser  line  offers  an 
unequalled  choice  of  types  and  sizes  beginning 
with  miniatures  with  .015"  plate  spacing,  and 
extending  through  the  pressurized  types  which 
offer  RMS  voltage  ratings  to  30,000  V.  and 
capacities  to  10,000  mmf.  Each  type  is  carefully 
designed  by  electronic  engineers  for  maximum 
ciccuit  efficiency.  Many  exclusive  JOHNSON 
developments  such  as  the  heavy,  beaded  edge  plates 
on  commercial  types  not  only  increase  electrical 
efficiency,  but  reduce  mounting  space,  and  through 
the  savings  in  material,  lower  your  costs. 


gOMMUNICATIO" 


broadcast 


AND 


ELECTS!'  oUIP^^ENT 


EQ 


amateur 
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PORTABLE, 
STANDBY  OR 
STATIONARY 


r  to  ^ 


aodto '»"*** 

HiunUlP®'*'® 

Aincrt®®'*® 

^  writ. 


KV 


of  mounting  and  feeding  an  an¬ 
tenna  composed  of  these  elements. 
Eight  units  give  a  power  gain  of 
seven. 


Water-Cooled  Conductor  (58) 


Titeflex,  Inc.,  517  Frelinghuysen 
Ave.,  Newark  5,  N.  J.  A  new  wa¬ 
ter-cooled  flexible,  high-power, 
high-frequency  conductor  consists 
of  a  brass,  water-tight  convoluted 
inner  core  with  an  outer  braided 
conductor.  A  high-frequency  flex¬ 
ible  insulation  is  extruded  over  the 
outer  braid.  Application  of  the  con¬ 
ductor  to  high-frequency  heating 
equipment  and  similar  use  is  ex¬ 
pected. 


Literature 


(59) 

Metallized  Capacitors.  Solar  Man¬ 
ufacturing  Corp.,  285  Mad- 


T 


NEW  PRODUCTS  (centinutd; 

ison  Ave.,  New  York  17,  N.  Y.  Full 
details  of  the  new  aluminized  pa¬ 
per  capacitors  are  found  in  Bulle¬ 
tin  SPD-110,  now  available.  De¬ 
signers  of  electronic  equipment  are 
offered  a  combination  of  small  size 
and  light  weight  at  standard  volt¬ 
age  ratings. 


Model  TP-16C  TVRISTABLE  and  CASE  only 

(Patents  applied  for) 

Two-Speed .  .  .  16-inch  .  .  .  Low  Price  .  .  .  Portable 
Compact ...  Lightweight .  .  .  Easy  to  Carry  .  .  . 


(60) 

Laboratory  Hygrometer.  Serdex, 
Inc.,  91  Cambridge  St.,  Boston  14, 
Mass.  Percentage  of  relative  huinid- 
ity  important  to  many  manufac¬ 
turing  and  testing  conditions  can  be 
read  to  within  plus  or  minus  1.5 
percent  using  the  type  HGS-HY-1 
described  in  Bulletin  201. 


(61) 

Perfect  Amplification.  Amplifier 
Corp.  of  America,  396  Broadway, 
New  York  13,  N.  Y.  Twenty  steps 
to  perfect  amplification,  or  how  to 
get  the  most  out  of  music,  is 
scribed  in  a  24-page  booklet  by  the 
company’s  chief  engineer.  Many 
unusual  features,  from  direct  cou¬ 
pling  to  cross  modulation,  are  cov¬ 
ered.  The  booklet  is  available  upon 
receipt  of  a  three-cent  stamp. 


(62) 

Welding  Control.  Westinghouse 
Electric  Corp.,  P.  0.  Box  868,  Pitts¬ 
burgh,  30,  Pa.,  announces  a  booklet 
(B-3839)  on  Synchro-Trol.  Here  is 
a  new  line  of  synchronous-preci¬ 
sion,  a-c  resistance-welding  con¬ 
trols  in  a  complete,  unified,  fac¬ 
tory-assembled  package.  An  18- 
page  illustrated  booklet  lists  the 
eight  basic  subunits  from  which 
designers  or  manufacturers  can 
select  the  units  necessary  for 
resistance-welded  products. 


In  carrying  pontion:  23^  w.,  ITVi"  9"  d. 


Designed  and  built  to  meet  the  quantity  production  demand  for  a 
fine  tone,  dependable,  and  very  low  price  transcription  player. 
Available  immediately.  Advanced  design,  expertly  engineered, 
and  sturdily-built  for  trouble-free  performance.  Meets  the  de¬ 
mands  of  radio  stations,  transcription  services,  advertising  agen¬ 
cies,  and  schools  for  realistic  reproduction  of  transcription  records 
up  to  16  inches,  78  or  33  1/3  r.p.m.  Free  of  wow  and  rumble. 
Switch  output  impedance:  30,  250,  and  500/600  ohms. 

Constant  speed  heavy  duty  motor,  silent,  smooth  operation.  16'^ 
TURNTABLE  embodies  special  re-enforced  construction  (patent 
pending). 

Supplied  with  or  without  professional  broadcast  station  Repro¬ 
ducers.  More  than  1500  of  these  PARA-FLUX  magnetic  Repro¬ 
ducers  are  now  on  the  air  over  FM-AM  stations.  Reproducer,  with 
interchangeable  heads  for  Vertical,  Lateral,  or  Universal,  uses 
same  Arm  and  Equalizer.  Model  EL-2  Equalizer  is  of  new  design 
with  all  components  enclosed  in  one  compact  housing. 

Available  immediately  through  Authorised  Jobbers 
Descriptive  Bulletin  TP6,  upon  request. 


(63) 

New  Bulletins.  Wheelco  Instru¬ 
ments  Co.,  847  W.  Harrison  St., 
Chicago  7,  Ill.,  announces  the  is¬ 
suance  of  a  new  bulletin.  Elec¬ 
tronic  controls  in  general,  with 
listings  and  specifications,  are 
covered  in  Bulletin  Z6400. 


(64) 

Thermal  Protector.  Manning,  Max¬ 
well,  and  Moore,  Inc.,  Bridgeport  2, 
Conn.  The  recently  prepared  folder 
on  the  Ashcroft  Thermal  Protector 


RADIO-MUSIC  CORP. 

CONNECTICUT 


EAST  PORT  CHESTER 
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DETAILED  EXAMINATION 
OF  CONTINUC4JS  FILH 

The  AVIMO  Film  Assessor 
has  been  designejd  for  the 
projection  of  :(5mm  or 
16xnm  Film  of  Osjrillograph 
Traces  or  other  ph  enomena. 
Frames  are  projected  singly 
or  continuously  n  to  an 
optically  flat  sur.  |pe  and 
magnification  is  frvn  xl2 
to  x36.  Project^n  of 
successive  frames  accu¬ 
rate  to  within  ±  .0036 
at  maximum  enlarge- 


AVIMO  Continuous  Film 
Recording  Cameras  provide 
permanent  records  of  oscitio- 
graph  traces. 


ms/\md 


Speakers  make 
the 

DIFFERENCE 


•  •  •  and  what  a 

DIFFERENCE! 


General  Electric  Speakers 
are  built  to  be  diflferent  — 
better.  For  warm,  live,  pulsat¬ 
ing  radio  and  record  repro¬ 
duction,  specify  speakers  by 
General  Electric. 


9  ton*  quality 

%  High  wottog*  handling  capacity 
^  No  warping  of  voice  coH 
0  Orootor  dotlgn  pouibilitlas 
0  Ovorall  groator  offlciency 
#  Bottor  controlled  air  gaps 
%  Rigidity,  strongth,  durability 


Consult  General  Electric  now 
for  your  Speaker  requirements. 
Write  to:  General  Electric  Com¬ 
pany,  Electronics  Department, 
Syracuse  1,  N.  Y. 


FABRICATED  PHENOLIC  PARTS  ....  SHEETS,  RODS,  TUBES 


GENERAL  ELECTRIC 


EL 


COIL  COMPANY,  INC. 


Th«  stringent  requirennents 
of  a  radio  of  distinction 
call  for  high  calibre  trans* 
formers  and  electrical  coil 
windings.  For  superior 
quality  and  production, 
manufacturers  use  Dinion 
Transformers  and  Coils. 


Specialists  in  Difficult  Designs 


•  Self-locking  Acorn  Palnuts  are  dome 
shaped,  single  thread  locknuts  made  of 
tempered  spring  steel.  They  exert  a 
powerful  double-locking  action  that  de¬ 
fies  loosening  under  vibration.  Low  in 
cost — light  in  weight — easily,  speedily 
applied — require  but  3  bolt  threads 
sp.ice  to  lock  effectively. 


•  Self-locking;  replaces  regular 
nut  and  lockwasher 

•  Holds  tight  under  vibration 

•  Covers  rough  unsightly  bolt 
ends,  eliminating  "catching”  or 
"scratching”;  adds  streamlined 
appearance 

•  Saves  assembly  time,  labor, 
weight  and  cost 

INVESTIGATE  Acorn  Palnuts  for  your 
products.  Outline  your  needs  for  sam¬ 
ples  and  suggestions.  Write  for  litera¬ 
ture  giving  data  on  Self-locking  Pal¬ 
nuts. 


fcmd  GmUs 


•  Photo  Rash  Control  •  Inttrumont  •  ToUviuon 

•  Radio  •  Bactronics  and  Industrial  Application* 


HERE  ARE 
THE  FEATURES: 


iinicD 

■bcnETS 


•  Specialists  in  the  production  ol 
highest  grade  Alnico  Magnets. 

•  -Production  and  material  rigidly  in¬ 

spected  to  assure  highest  uniform 
quality. 

•  Castings  made  to  order  from  cus¬ 
tomer's  blueprints  or  sketches. 

•  Information  and  suggestions  sup¬ 
plied  on  request. 

Moautocturar*  af  High  Coarciva  Mogaatlc  Alloys 

10001  ERWIN  AVENUE 
DETROIT  5,  MICHIGAN 


SELF-LOCKING 

ACORN 

PALNUTS? 
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THE  VICTOREEN  INSTRUMENT  CO 
5806  HOUGH  AVENUE 
CLEVELAND  3,  OHIO  ^ 


NEW  PRODUCTS  (continuad) 

gives  a  complete  description  of  the 
“fail-safe”  electronic  limit  switch, 
with  specifications  and  wiring  dia¬ 
gram. 


Subminiature 
electrometer  tubes 


(65) 

Communication  Equipment.  West- 
inghouse  Electric  Corp.,  P.  0.  Box 
868,  Pittsburgh  30,  Pa.,  has  a  new 
44-page  booklet  (B-3610)  which 
provides  designers  of  communica¬ 
tion  and  electronic  equipment  with 
a  quick  list  of  products  available 
for  tljeir  use.  It  covers  parts  and 
materials  for  radio  transmitters 
and  receivers,  radar,  telephone  ap¬ 
paratus,  electronic  heating  sets, 
and  electronic  control. 


Geiger-Mueller 
Counters  . 


Sharing  the  problem  of  nuclear  measurement 


(66) 

Insulation  Tester.  James  G.  Biddle 
Co.,  1316  Arch  Street,  Philadelphia 
7,  Pa.  Bulletin  21-60  illustrates 
and  describes  the  “Bridge-Meg” 
type  of  megger  insulation  and  r^ 
sistance  tester.  Engineers,  elec¬ 
tricians,  and  maintenance  men  will 
find  this  instrument  most  useful. 
Copies  of  the  12-page,  slick-pa¬ 
pered  bulletin  can  be  obtained  on 
request. 


Consider  tboso  factors  for  rosoarch 
.  .  .  laboratory  .  .  .  production: 

1.  Low  filament  drain  10  milliamperas. 

2.  High  input  resistance  10^'  ohms. 

3.  Versatility  in  Instrumentation  for  chem¬ 
ical,  oil,  nuclear  physics  research,  etc. 

4.  Ideal  tor  electrometer  applications. 

5.  Extreme  portability— low  battery  drain. 


The  V6  series  mica  window  Geiger-Muellar 
Counters  are  of  precision  workmanship  and 
superior  design.  Enocting  i^oduction  controls 
assure  a  counter  held  within  close  tolerance 
limits.  Designed  to  meet  the  ever  Increasing 
demand  for  reproducibility  of  tracer  measure¬ 
ments. 


(67) 

Ferro-alloys.  Electro  Metallurgical 
Sales  Corp.,  30  E.  42nd  St.,  New 
York  17,  N.  Y.  A  concise  review  of 
information  on  ferro-alloys  is  pro¬ 
vided  in  a  64-page  booklet.  Inter¬ 
esting  historical  data  are  included 
along  with  typical  analyses  to 
assist  users  in  selecting  for  speci¬ 
fic  applications. 


Victoreen  hi-megohm  resistors  are  specially  dasi^ned  for  the  hard  applications 
where  stability  with  long  life  Is  required.  Designed,  for  laboratory  use  and 
fine  instrumentation.  Vacuum  sealed  in  glass  To  cover  a  range  of  100  to 
10,000,000  megohms. 

Write  for  technical  data  booklet  on  tubes  and  resistors. 


Complete 

Geiger-Mueller 

Counting 

System 
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Temperature  Control.  Wheelco  In¬ 
struments  Co.,  847  Harrison  St., 
Chicago  7,  Ill.  A  valuable  guide  for 
anyone  interested  in  process  in¬ 
strumentation  is  the  20-page  Edu¬ 
cational  Bulletin  No.  5.  Included 
are  charts,  tables  and  diagrams  ex¬ 
plaining  measurement  and  auto¬ 
matic  control  and  the  selection  of 
proper  control  systems  for  process 
applications. 


Model 

337 


A  complefe  Geiger-Mueller  counting  system  and  a  top  ranking  labora¬ 
tory  instrument.  It  utilises  a  scale  of  64  with  provisions  for  switching 
to  a  scale  of  8.  A  built-in  a.c.  power  supply  provides  voltages  con¬ 
tinuously  variable  from  0  to  2000  volts.  Two  new  Victoreen  gaseous 
voltage  regulator  units  and  a  reliable  impulse  register  are  included. 
Complete  and  convenient  front  panel  switching  and  control. 
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Depth  Recorder.  Blud worth  Ma¬ 
rine,  100  Gold  St.,  New  York  7, 
N.  Y.  For  the  latest  in  electronic 
navigation  aids  look  to  the  group 
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Name  . 
Addreis 


speed  production-cut  costs  with 

AUTOMATIC-FEED  SOLDERIUe  IRONS  AND  ACCESSORIES 


HEAVY  DUTY 
EJECT-O-MATIC 

Hlqh-bMt  100  and  ISO^att 
medolt  for  gonoral  heavy 
alactrical,  alacfrenic  and  re¬ 
pair  work.  Alto  avallabla  In 
long-noted  "Intf rumant" 
nrMdel.  Weight  only  22  oi. 


STANDARD 

EJECT-O-MATIC 

Popular  50  and  75-watf  mod- 
elt  for  general  radio  and 
electrical  work.  Special  long- 
noted  ntodelt  available  for 
toldering  intide  deep  recep- 
taclet,  hard-to-get  relay t 
and  attembliat.  Weight  only 
IS  ox. 


VERTI-MOUNT 

Treadle  operated  —  leavet 
both  handt  free  to  hold 
work.  Pre-heatt  and  toldert 
work  with  one  eaty  foot 
movement.  Takat  all  Eject-O- 
Matlc  iront. 


complete  line  now  available 

TIPS—  Multi-clad  tips  available  in  eight 

different  and  shapes.  * 

SPECIAL  TIPS  DESIGNED— 

MINIMUM  10  TO  ORDER 

Send  for  new  catalog  and  prices. 

MULTI-PRODUCTSIOOLCO.  123  SUSSEX  AVENUE,  NEWARK,  N.  J. 


ULTRA  SENSITIVE  D.  C.  AMPLIFIER 


The  Model  53  Breaker-tvpe  D.C.  Ampli¬ 
fier  was  developed  for  the  measurement 
of  d.  c.  and  low  frequency  a.  c.  voltage  in 
the  microvolt  and  fractional  microvolt 
region.  It  is  compac’t,  portable,  and  makes 
an  excellent  replacement  for  the  suspen¬ 
sion  galvanometer.  The  output  of  the 
amplifier  is  sufficient  to  operate  standard 
meters  and  recording  devices  directly. 

It  has  been  employ^  for  the  amplifica¬ 
tion  of  infra-red  detectors,  thermocouples, 
voltaic  photocells,  and  the  like,  hotn  in 
research  and  industrial  applications. 


Among  the  advantages  of  this  amplifier 
are  the  following: 

1. ^  Noise  level  that  approaches  the  the¬ 
oretical  limit  iraitosed  by  Johnson  noise. 

2.  Extremely  fow  zero  drift  (less  than 
.005  p.  V  after  warmup). 

3.  Freedom  from  the  effects  of  vibration 
such  as  found  in  moving  vehicles. 

4.  Response  characteristics  permitting 
overall  amplification  flat  from  0  to  10  cycles 
per  second. 

5.  Reliability,  as  demonstrated  by  units 
which  have  been  in  continuous  operation 
for  several  years. 


KRKin-^Lm^R  CORPORflllOn 


Jv/y.  fM7  — ELECTRONICS 


An  Electronic 
Replacement 
For  Sensitive 
Galvanometer 
Systems 


Prtparti  hy  the 
radar  specialists 
of  the 

Massachusbtts 
Institutb  op 
Technology 


Now  —  with  this 
8  i  n  K 1  e  reference 
manual  —  you  can 
quickly  bring  your¬ 
self  abreast  of  lat¬ 
est  developments 
in  radar.  It  is  the  first  complete  and  up-to-datt 
volume  published  in  this  iipportant  new  field — 
covering  the  subject  for  all  engineers  and  physi¬ 
cists  who  are  concerned  with  electronic  apdica- 
tions.  Reflecting  the  broad  experience  of  M.  1.  T. 
radar  specialists,  this  book  deals  with  pulse  cir¬ 
cuits  and  high-frequency  devices  common  to 
nearly  all  radar  equipment.  The  lucid  explana¬ 
tions  of  circuit  operation  are  based  on  jihysical 
concepts  and  make  free  use  of  mimencm  ex¬ 
amples. 


PRINCIPLES  OF 

RADAR 


Jast  Oat 
NEW 
2nd 
Edition 


By  members  of  the  staff  of  the  Radar  School, 
Massachusetts  Institute  of  Technology.  960 
pages,  6x9,  profusely  illustrated  ti-00 

Orlttnally  this  book  was  prepared  to  five  a  sound,  rapid 
troundlng  In  radar  principles  and  their  wartime  applica¬ 
tions.  Now,  In  view  of  the  many  adTanees  of  the  p^ 
few  years,  the  book  has  been  fully  revlsod  and  brought 
up-to-date— so  that  It  wUl  be  helpful  not  only  to  those 
Interested  in  radar  but  also  to  thoes  eonoemed  with 
ultra-high  frequencies  and  mlCTOwares,  telerlslon,  pulse- 
time  communieaUon  systems,  or  pulse  narlgatlon  systenu. 
This  new  edition  begins  with  a  brief  description  of  the 
components  and  functions  of  radar  systems  and  oonUnues 
with  deUlled  discussion  of  typical  system  components. 
Expoeltlons  of  drcuiU  and  devices  prodds  an  unusual 
combination  of  technically  thorough  and  accurate  treat¬ 
ments  with  minimum  dependence  upon  mathematics. 
Emphasis  In  the  discussions  of  drcolts  Is  on  quantltatlrs 
analysis  directly  from  tube  characteristics  and  physical 
principles. 

Sappffos  tlmaly  data  am: 

a  Timing  CIreuits 
a  Indleaters 
a  Receivers 
a  Magnetrsns 
a  Mednlators 
a  Triads  Transmitters 
a  Radio-frequency  Lines 
a  Radar  Antennas  and  Pregagatlan 
a  Wave  Qnldss  and  CavHy  Reeenaters 
a  Transmit-reeelve  Devices 
a  Synchros  and  Servemecbanlsms 

Mall  coupon  tor 

10  DAYS*  .FREE  .  exam 

McGRAW-HILL  lOOK  CO.. 

330  W.  42nd  St.,  Naw  York  II 

Send  me  M.I.T.  Radar  School-Prlndples  of  Radar 
for  10  days’  examination  on  approval.  In  10  days 
I  will  send  $5.00  plus  few  cents  postage  or  return 
book  postpaid.  (I^ase  paid  on  cash  orders.) 


City  and  State . 

Company  . 

Position  . L-7-47 

For  Canadian  price  write  Embassy  Book  Co., 
1$  Richmond  St.  E..  Toronto  1 
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The  latest  data  on 
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of  four  4-p*ge  illustrated  folders 
on  the  ultrasonic  echo  depth  re¬ 
corder.  Also  described  is  a  direc¬ 
tion  finder  for  safe  sailing  regard¬ 
less  of  visibility  or  adverse 
weather  conditions. 
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Industrial  Metals.  D.  E.  Make¬ 
peace  Co.,  Attleboro,  Mass.,  has 
issued  an  interesting  new  folder 
treating  laminated  and  solid  pre¬ 
cious  metals  for  industrial  use, 
and  particularly  its  bar  contact 
raised  lay,  for  the  manufacture  of 
arm  or  leaf  contacts.  The  company 
has  a  special  folder  going  into  the 
subject  more  thoroughly  which 
will  be  mailed  on  request. 


Resistors.  Precision  Resistor  Corp., 
334  Badger  Ave.,  Newark  8,  N.  J. 
A  new  bulletin  illustrates  19  in¬ 
ductive  and  non-inductive  typeam 
Included  is  a  free  sample  as  a 
guide  for  numerous  wire-wound 
resistor  applications.  Copies  of  the 
latest  catalog  may  be  had  on 
request. 

(72) 

Inserts.  Aircraft  Radio  Corp., 
Boonton,  N.  J.  Those  who  already 
have  the  catalog  of  **Accessories 
and  O>mponent  Parts  for  Radio 
and  Electronic  Equipment”  will 
want  a  series  of  new  bulletins  re¬ 
cently  issued  that  describe  con¬ 
nectors  and  microwave  equipment 
The  sheets  are  specially  punched 
for  ready  insertion  in  the  file. 


Technical  Index.  Radio  Corp.  of 
America,  Princeton,  N.  J.  The  new 
index  of  RCA  Technical  Papers  in 
two  volumes  lists  all  papers  on 
subjects  in  the  radio,  electronic 
and  related  fields  authored  by  RCA 
employees.  Both  chronological  and 
alphabetical  lists  are  given.  Copies 
may  be  obtained .  free  of  charge 
upon  request 


Cooling  Equipment.  Rotron  Divi¬ 
sion,  Jenckes  Knitting  Machine 
Co.,  180  Weeden  St.,  Pawtucket, 
R.  I.  A  catalog  is  available  de¬ 
scribing  blowers  and  parts  de¬ 
signed  specifically  for  use  in  radio- 
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ilmdio  Ilfws  •  S«rwi<em«n  •  If>9ifie«rs 
Soamd  Mwm  •  RAomtEtnonc*  Men 
Sciioola  •  Institwtions  •  Monwfocnirers 
THIS  CATALOG  IS  FOK  TOU! 

Afa/l  COUPON  TODAY! 


Industrial 
Electronic 
and  Test 
Equipment 

Radio  Parts— Sets— Ham  Gear- Amplifiers 

It’s  here— ready  for  you  now — the  new,  comprehensive,  1947 
Concord  Catalog  displaying  a  vast,  complete  selection  of  every- 
thing  in  Radio  and  Electronics.  Send  for  your  copy  now.  Select 
your  needs  from  value-packed  pages  showing  thousands  of  items 
available  for  IMMEDIATE  SHIPMENT— hundreds  of  them  now 
available  for  the  first  time— featuring  new,  latest  1947  prices.  See 
the  new  LOWER  prices  on  finest-quality  RADIO  SETS,  PHONO- 
RADIOS,  RECORD  CHANGERS,  RECORD  PLAYERS,  PORT- 
ABLES,  AMPLIFIERS,  COMPLETE  SOL^D  SYSTEMS,  TEST- 
ERS.  See  complete  latest  listings  of  all  the  well-known,  standard, 
dependable  lines  of  radio  parts  and  equipment— tubes,  condensers, 
transformers,  relays,  resistors,  switches,  speakers— all  available  for 
IMMEDIATE  SHIPMENT  from  huge  stocks  in  CHICAGO  and 
ATLANTA.  Whatever  your  needs  in  Radio  and  Electronic  Parts, 
Supplies  and  Equipment— before  you  buy— SEE  THIS  GREAT  NEW 
CONCORD  CATALOG.  Mail  coupon  for  your  FREE  copy  now. 


RADIO  CORPORATION 
CHICAGO  7  *  ATLANTA  3 

901  W.  JACKSON  W.VD.  265  PCACMTRCE  ST. 

lAFAYETTE  RADIO 


Concord  Radio  Corporofion,  Dopt.  0-77 
901  W.  Jackson  Chicago  7,  Rl. 

Yos.  rush  FREE  COPY  of  tho  comprohonsivo 
now  Concord  Radio  Catalog. 
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NEW  PRODUCTS 

frequency  equipment.  Standard 
units  are  illustrated;  others,  now 
under  design,  are  mentioned. 
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Reproducers.  Radio-Music  Corp., 
136  Liberty  St.,  New  York  6,  N.  Y. 
Minute  details  of  Para-Flux  repro¬ 
ducer  features  may  be  found  in  a 
four-page  brochure  on  the  subject. 
The  instrument  has  many  readily 
apparent  fields  of  use  particularly 
in.a-m  and  f-m  broadcasting. 


HSeletronk 

innnrinrr^ 

MUiiiat¥n  Selenhm  Rntifhrs 
Buih  Or  Alumhiym 


QUALITY  PRODUCTS 


R«plocM  lh«  R«ctifi«r  Tub«  in  AC-OC  port- 
obW*.  lobie  rodio$,  consoUs,  omplifinn.  rnloys 
and  olh«r  low-pow«f  electronic  devices. 

e— iy.«'  — 
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Resistors.  P.  R.  Mallory  &  Co., 
Inc.,  3029  E.  Washington  St.,  In¬ 
dianapolis  6,  Ind.  Request  Form 
No.  VER-1146  for  an  8-page  amply 
illustrated  booklet  on  vitreous 
anamel  fixed  and  adjustable  power 
resistors  designed  for  industrial 
electronic  applications. 


BATTERY 

ELIMINATORS 

FOR  DEMONSTRATING 
AND  TESTING  AUTO  RADIOS 
New  Models  .  .  .  designed  for  testing 
D.  C.  electrical  apparatus  on  regular 
A.  C.  lines.  Equipped  with  full-wave 
dry  disc  type  rectifier,  assuring  noise¬ 
less,  interference-free  eperatien  and 
extreme  long  life  md  reliability. 

•  Eliminates  Storage  Ratteries  cuid 
Battery  Charges. 

•  Operates  the  Equipment  at  Maxi¬ 
mum  Efficiency  at  All  Times. 

•  Fully  Automatic  and  Fool-Rreef. 
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Tube  Manual.  General  Electric 
Co.,  Electronics  Dept.,  Tube  Divi¬ 
sion,  Building  267,  Schenectady 
5,  N.  Y.,  has  made  available  a  new 
700-page  technical  manual  on  re¬ 
ceiving  tubes,  for  manufacturers 
and  designers  of  electronic  equip¬ 
ment.  Prepared  with  an  expander- 
type  binder,  in  a  stiff  leatherette 
cover,  it  sells  for  five  dollars, 
which  includes  service  through 
1948.  In  1949  further  inserts  will 
be  available  at  one  dollar  a  year. 


Standard  1^  mil 
5-plate  sftick 
Only 


Standard  1 00  mil 
5-plate  stack 
Only  V'xV'x 


LOW  POWER  INVERTERS 

FOR  INVERTING  D.C.  TO  A.C. 
Another  New  ATR  Model  .  .  .  designed 
for  operating  small  A.C.  motors,  elec¬ 
tric  razors,  and  a  host  of  other  small 
A.C.  devices  from  D.C.  voltages 
sources. 


(78) 

Folded  Antenna.  Andrews  Co., 
363  E.  75th  St.,  Chicago  19,  Ill. 
Bulletins  38A  and  737  describe  the 
improved  signal  strength  in  the  30- 
to-44  me  band  provided  by  the 
folded  unipole  antenna.  The  ver¬ 
tical  trombone  radiating  element 
provides  ideal  impedance  match 
for  a  70-ohm  transmission  line. 


STANDARD  AND 
HEAVY  DUTY  INVERTERS 

FOR  INVERTING  D.C.  TO  A.C. 
Specially  designed  for  operating  A.C. 
radios,  television  sets,  amplifiers,  ad¬ 
dress  systems,  ond  rodie  tost  eejuip- 
ment  from  D.C.  voltages  in  vehicles, 
ships,  trains,  planes,  and  in  D.C. 
districts. 

WRITE  FOR  NEW  CATALOG  — 
JUST  OFF  THE  PRESSI 
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Squarewave  Generator.  Reiner 
Electronics  Co.,  152  W.  25th  St., 
New  York  1,  N.  Y.  On  two  sides 
of  a  page  we  find  a  detailed  report 
of  the  model  530  squarewave  gen¬ 
erator  for  use  in  production  and 
general  testing.  Its  chief  features 
are  the  facility  of  synchronization 
with  any  external  frequency 
source,  a  hand-calibrated  fre¬ 
quency  scale  reading  from  10  to 


Seletron  minioiore  selenium  rectifiers  com¬ 
bine  high  efficiency,  reliability  ond  long  life 
with  smell  size  and  simplicity  of  installation. 
One  stud,  two  quick  soldered  connections 
ond  it's  in! 


Usuolly  costs  less  than  the  tube 
ond  socket  it  replaces.  Write  today  for  details. 


ELECTRONICS 
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•  RESISTORS 

Half  -  One  -  Two  Waft 

•  INSULATED 

•  ANY  TOLERANCE 

•  WE  CALIBRATE  RESIST¬ 
ORS  within  I  and  2%  Toler¬ 
ance. 

•  ANY  QUANTITY 

•  ANY  MAKE 

Immediate  Delivery! 

WE  SHIP  THE  SAME  DAY  YOUR 
ORDER  IS  RECEIVED 

Inquire  Today! 

LEGRI  S  COMPANY,  Inc. 

ELECTRONIC  PARTS  AND  COMPONENTS 

846-S50  Amsterdam  Ava. 

NEW  YORK  25.  N.  Y. 

AC  2-001 1 


QUIK-LABELS 

Mark  Your  Wires  Faster 

QUIK-LABELS  code  Wires,  Leads,  Circuits, 
Relays  Parts,  etc.,  faster  and  cheaper.  O  Pre¬ 
cut  to  exact  size,  QUIK-LABELS  come  on 
handy  cards.  O  Ready  to  use,  they  stik-quik 
without  moistening,  replace  slow  and  costly 
string  tags,  roll  tapes,  decals,  stencils,  metal 
tabs,  etc.  •  Silicone  plastic  coated  to  resist 
dirt,  grease,  abrasion.  •  *Self  Starter  strip 
automatically  expose  ends  of  Labels  for  you 
to  grasp  instantly  —  no  more  finger-picking. 

Write  for  Folder  and  FREE  Sample  Cards. 

W.  H.  BRADY  COMPANY 

Established  1914 

Mani/facturtn  of  Stif-Sficking  Tap*  Products 
240  W.  Wells  St.,  Milwaukee  3,  Wisconsin 
Faeter^^ — Chippewa  Falls,  Wlsceesie 


IPAMARCO  TD|$I0N 

PAMARCO  tensions  are  the  perfect 
answer  to  lower  coil  winding  costs! 

*  FINGER  TIP  TENSION  CONTROL 

*  OPERATOR  MAKES  OWN  ADJUSTMENTS 

*  NO  TOOLS  OR  ACCESSORIES  NEEDED 

*  FITS  ALL  COIL  WINDERS 

The  free-ninning  action  of  the  PAMARCO  tension  practically 
etiminates  defective  coils.  Their  compact  size  permits  more 
aimaltaneous  coil  winds  on  any  machine.  Operator  makes  all  i  ^ 

adiustments  for  any  gauge  wire  with  simple  thumbscrew. 

Writ*  for  litarotur*  today 

YPAPER  MACHINERY  &  RESEARCH,  INC 

^^014  OAK  STREET  •  ROSELLE.  NEW  JERSEY 


P4 


errec 


as  a  source  of  pre- 
cision  -  made 
WASHERS  and 
STAMPINGS 
manufactured  to 
your  specifications 


I 


CUP  WASHERS 
for  Binding  Screws 


WHITEHEAD  STAMPING  CO 


1691  W.  Lafayette  Blvd. 


Detroit  16,  Michigan 


Bluw  — nritiT#  S4 


ran.  MnsitiTity 

QOM  Be  ttO/l 


Min.  MnsitlTily 
OomQ.  uci/1 


For  t^chnlcol  doto  ond  lydol  informaltoh  writa  to 

CONTINENTAL  ELECTRIC  CO.,  Geneva,  Illinois 
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OUTSTANDING 


FINE  WIRES 


TENSOMETER 


PRODUCE  faster,  at  lower  cost.  Stops  errors  and 
spoilage  due  to  faulty  tension  of  fine  wires  in  coil  wind¬ 
ing.  One  tension  always  works  best.  The  tensometer 
helps  you  to  determine  what  this  is.i 

TENSOMETER  measures  the  running  tension  of  fine 
wire,  yarn,  etc.  Always  helpful,  often  indispensable. 

Why  not  send  for  your  TENSOMETER  today? 


SIPP- EASTWOOD  CORPORATION 

Manufacturers  of  Textile  Machinery 

KEEN  &  SUMMER  STREETS.  PATERSON.  N.  J. 


Ward  FM  antennas  stand  head  and 
shoulders  above  the  field  for  value.  Avail¬ 
able  in  straight  or  folded  dipole'  types 
(with  or  without  reflector  kit),  they  adapt 
easily  to  varying  individual  requirements. 
Providing  the  maximum  electrical  effi¬ 
ciency  needed  for  finest  FM  reception,  they 
are  easy  to  install  securely.  Their  trouble- 
free  operation  assures  you  extra  profits. 
Write  for  free  catalog  today. 


EXPORT  OEPARTMENTi  C.  W.  Srondat.  Monagar,  4900  Euclid  Ava..  Ctavaland  3.  Ohio 
IN  CANADAi  Atlei  Radio  Corp.,  SdO  King  Straal  W.,  Toronto  1.  Ontario.  Canada 


100  cycles  and  a  decade  frequency 
multiplier  to  extend  the  range  to 
100  kilocycles. 
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Capacitors.  Chicago  Condenser 
Corp.,  3256  W.  Armitage  Ave.,  Chi¬ 
cago  47,  Ill.  A  small  bulletin  con¬ 
tains  much  data  on  a  variety  of 
capacitors,  all  non-inductively 
wound,  having  tinned  copper  leads. 


Tube  Registry - 

The  iniormotion  furnished  by  the  RMA 
Data  Bureau  has  been  abridged  and  only 
the  more  significont  dimensions  are  given. 


Type  6AV6 

Double  diode,  high-mu  triode, 
heater  type;  T-5i  integral  glass  en¬ 
velope-base;  7-pin  button  base. 


Bf  6.3  V 
1/  ~  0.3  amp 
Cim  *  2.3  ituf 
C«i“  0.9  mmT 
—  2.1  (imT 


Typical  Class  Ai  Operation 

£»  >  250  V 
it  »  1.2  ms 
£.  -  -  2  V 
r.  »  62,500  ohms 

M  -  100 

Urn  *•  1.600  iunhos 


Type  5CP11A 

Cathode  ray  tube,  heater  type,  elec¬ 
trostatic  focusing  and  deflection. 


Ef  “  6.3  V 
T f  —  0.6  amp 
Typical  Operation 
£m  -  4  kv 
En  -  —2  kv 
Ekt  -  400  to  690  V 
£.1  •  —  90  V  (max) 
for  cutoff 

Dt  and  -  id  to 
106  V.  per  in. 

Dt  ontl  174  ~  66  to 
90  V  per  in. 


Pll  screen,  medium  shell  diheptal 
12-bin  base. 


Type  5513 

Triode  power  amplifier  and  oscil¬ 
lator,  forced  air  cooled,  filament 
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Modern  Specialty  Designing 

Results  during  wartime  proved  that  the  engi¬ 
neers  of  the  parts  manufacturer  are  best  equip¬ 
ped  to  design  component  parts.  The  Indiana 
Steel  Products  Company  has  always  welcomed 
such  assignments.  We  take  pride  in  providing 
the  outstanding  design  and  engineering  serv¬ 
ice  in  the  permanent  magnet  industry.  Our 
engineers  will  welcome  the  opportunity  to 
assist  you  in  your  magnet  problems.  They  can 
consult  with  you,  too,  about  the  assembly  of 
rotors  or  flywheels  which  may  greatly  reduce 
your  production  costs. 


Cl  1947,  The  iDdiana  St««l  ProducUi  Co. 


% 


Growth  Comes  from  Service 

At  Valparaiso,  Indiana,  wo  havo 
Iho  largost  plant  in  tho  world  do- 
volod  oxclusivoly  to  tho  production 
of  pormanont  mognots.  Spocial 
magnotic  matorials  and  atsomblios 
aro  producod  at  our  now  Sawmill 
Rivor  plant  locatod  at  Chauncoy, 
Wostchostor  County,  N.  Y. 


Watch  for  IND ALLOY 

From  thoso  plants  como  porma¬ 
nont  magnots  of  ovory  siso,  typo, 
dosign,  and  motorial.  Matorials  in- 
cludo  Alnico  I,  II,  III,  IV,  V,  VI,  and 
Xil,  Chromo,  Tungston,  and  Cobalt, 
tho  now  Cunico,  Cunifo  I  and  Cunifo 
II,  Voctolito,  and  Silmanal,  as  woll 
as  Sintorod  Magnots  and  our  now 
Hyflux  magnotic  recording  tapo. 


THE  INDIANA  STEEL  PRODUCTS  COMPANY  * 


PRODUCERS  OF  "PACKAGED  ENERGY” 

6  NORTH  MICHIGAN  AVENUE  *  CHICAGO  2,  ILL. 


SPECIALISTS  IN  PERMANENT  MAGNETS  SINCE  1910 


I  vAir^ 
PLANTS  {  CHAU 


VALPARAISO,  INDIANA 


NCEY,  N.  Y. 
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WHAT,  NO 


NOT  IN 

iEKTROJIHESH 

Lektromesh  .  .  .  the  new,  one-piece 
solid  metal-plated  screen  is  made  by 
elearodeposition  .  .  .  supplements 
rather  than  competes  with  woven  wire. 
Continuous  production  methods  permit 
runs  of  100  foot  rolls  up  to  35  inches 
in  width  of  40  to  120  mesh  .  .  . 
meshes  150  to  400  in  smaller  units 
.  .  .  and  is  furnished  in  nickel  and 
copper.  This  unique  product  pre- 
senu  a  smooth  surface  and  is  readily 
fabricated  by  sumping,  welding  and 
soldering.  Combining  accuracy  and 
uniformity  of  openings  with  the 
smoothness  of  perforated  metals, 
Lektromesh  applications  are  unlimited. 
Ideal  for  strainers  in  fuel  systems,  dry¬ 
screening  and  a  large  number  of  spe¬ 
cialized  items.  Distinct  value  lies  in 
its  even  plane  surface  that  withstands 
wear  when  exposed  to  doctor  blades 
and  scrapers  as  in  continuous  filters 
and  its  unique  ability  to  screen  ma¬ 
terial  with  minimum  clogging.  * 

lektromesh  folder  and  small  sample 
available.  Write  Dept.  L-201 

✓^Ts  •  ItKTSOMISM  TTlTX 


TheC.  0.  JELLIFF 
MANUFACTURING 
CORPORATION 

SOUTHPORT,  CONN. 


NEW  rROOUCTS 


X/  -e.sv 

-  82 

Co  -  21  nid 

CmI  *  0.11  Mpt 
-8.7  Mjd 
Bk  —  4  kv  taws) 
1%  —  1.0  Map 
(max) 

W,  —  1,200  watts 
(max) 


(ceatineed) 


■  tr 


•  WIRf  CIOTH  •  ST«AIH4'\ 


type.  At  It,  0.4  amp  and  E„  10  v, 
/A  is  87 


Type  2E)30 

Beam  power  amplifier  and  oscil¬ 
lator;  filament  t}rpe;  T-5i  integral 
glass  envelope-base;  miniature  7- 
pin  button  base.  Filament  heating 
time  approximately  0.2  second. 
Maximum  power  output  10  watts. 

B/  —  8/8  T 
//  —  0.86/1. Samp 
CiI  -  9.6  aal 
Cmmt  —  8.8  0ld 
,C,l-0.2  aM 

T}rpical  Class  A,  Operation 


jr»  -280  V 

&i  -  -20t 

ae  -260t 
Xe  -Ot 
/m  —  40ma 
Is  —  44  ma  Cmax 

r,  —  ^^000  ehiBS 
n  —  4,600  ohms 
gm  —  8,700  amhos 
Wmi  —  4.6  watts 
(Spsreent) 


Type  5563 

Triode  thyratron,  filament  type, 
mercury  vapor.  Maximum  ratings 
with  mercury  temperature  25  to 
50  G  and  operation  25  to  125  cps. 

if/  -  6v 
If  _  10  amp 

Bin,  -  16  T  • 

tC,  -  10  aaf  ® 

Control  n  T 

(referred  to  pin  2)  /  T 

*,(«»-  1,000  T)  -  1  1 

-70v  /  S  '! 

g.(g»  - 1,000  v)  -  : 

—  8v 

Critical  ^  at  0  v  —  *  '  , 

a,  .'Oi 

Maximum  ratings 

\  /  i 

Kkl  Bt  -  16  kv  (peak 

forward  i 

Btm,  —116  kv  (peak) 

/•—  —  200  amp 

(0.1  sec)  I  ; 

/»— 6.4amp  I 

(p^)  ' 

/•  —  1  amp*(iMak) 

/»  — 1.8amp  a  ir  _ _ I 

(averacc  1 

cycle)  BOTTOM  VIEW 

7,  -  0.1  amp  e  _  ^  , 

(averace  1  c  NC 

cy^)  1 

g.  -  -600t  JUTa’JL 

(befcrc  eon- 
ductkn) 

g,-;-loT(iiter)  5563 


GUARANTEE 

GOUID-MOODY 

ALUMINUM 
RtCOROINO  BLANKS 


After  prolonqed  rsMsrch  and  aipsri- 
msntatlon,  ws  have  introduced  techno¬ 
logical  Improvements  Into  "Black 
Seal"  blanks  that  not  only  Increase  life 
span,  but  materially  enhance  the  other 
finer  characteristics  of  these  blanks. 
And  so  positive  are  we  of  the  worth 
of  these  perfected  "Black  Seals"  that 
we‘ra  offering  them  to  you  on  an  un¬ 
conditional  tan-year  guarantee  basis. 


You  can't  afford  to  be  a 
recording  isolationist . . . 

"Black  Seal"  blanks  will  not  rip  up, 
disintegrate  or  powder  after  the  first 
playing  if  kept  in  storage  for  any 
long  period  of  time.  You  are  In  no 
danger  of  losing  valuable  recordings 
in  what,  up  until  now,  you  have  con¬ 
sidered  your  safe  library  of  recording 
blanks.  No  mgftar  how  well  you  may 
bo  satisfied  with  your  present  blanks, 
you  can't  afford  to  be  a  recording 
Isolationist.  Try  "Black  Seal"— if,  for 
any  reason  whatsoever,  you  aren't 
satisfied,  return  them  at  our  expense. 


i  l  liE  I  I  I 
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. . .  a  complete  range  of 


If  YOU  ARE  AN  EXPERIMENTER 
IN  the  EIECTRONIC  FIRMAMENT, 
YOU  ll  WANT  TO  USE 
LAFAYETTE 

AS  SUPPLY  HEADQUARTERS. 
EVERY  STAR  IN  THE 
GALAXY  OF  EQUIPMENT  AND 
PARTS  manufacturers 

IS  catalogued  at  .  .  . 


tAMO  WttI  miVtSION,  INC. 

FOR  RADIO  &  aECTRONIC 
EQUIPMENT 

100  SIXTH  AVE.,  new  YORK  13 
1 1  0  FEDERAL  ST.,  lOSTON  1  0 
>4  CENTRAL  AVE.,  NEWARK  2 


.““■S'” 


MODEL  No.  300-A 


.oV.  ovets 


^  oVtt 

■  .ubu\3»  as 


Here  is  another  of  Milford's  15  standard  models 
of  rivet-setters  for  assemblies  ranging  from,  wrist- 
watch  bracelets  to  refrigerators.  Every  single 
Milford  rivet-setter  has  more  than  paid  for  itself 
either  in  cutting  costs  of  assemblies  or  completing 
them  faster.  For  any  fastening  need,  check  with 
Milford  —  for  ideas  to  save  time  or  cut  costs. 

THE  MILFORD  RIVET 
&  MACHINE  CO. 


tSf  Iridgopert  Avoom,  MiHord.  Coao. 

1002  West  River  Street.  Elyria.  Ohio 

litqtilriM  mov  aho  b*  addr*ss»d  to  ear  tobMIary; 

E  PENN  RIVET  k  MACHINE  CO..  PHILADELPHIA  33.  PENNA. 


STEATITE 

CERAMIC 


frof  rtWi  ead  CfcorectarteNci  ef  Oar 
LAVtn  S1-S  StacHta  Caraaiic  Rady 


.  lo.aoo  lb.,  wmmpn  iMb 

.  >0,000  lb..  PT  pppprp  iMb 

. »S  vbtt.  pmr  mil 


b.lk  apitiOc  Oravity . >.#04.. 

Pi.iltir  (frmb  bbbv.  arbvity).  •  .0.000  lb.,  ppr  cbic  inch 

M.,0...l  oa.br  K.1^ . 7.0 

SbfkMiiM  T.mp.rm.f  .................... >.300-7. 

liomt  enafciim  pt  a«>imiim» . a.is.io— • 

Mbtoter.  bbtprxlmi  (Strm  B-tta.«>.*> . O.OOO*. 

Dcoigp  engiDeecfO  and  mamifacrurcn  in  the  radio, 
electrical  and  dectronic  6dd*  are  finding  in 
LAVTTE  the  prcdie  qualitict  called  for  in  their 
tpecificatioos  .  .  .  high  contpremre  and  dielectric 
(trength,  low  moiature  abootption  and  resistance 
to  rot,  fumes,  adds,  and  high  heat.  The  exceed¬ 
ingly  low  loss-factor  of  LAvTTE  plo*  in  excel¬ 
lent  workability  makes  it  ideal  for  all  high  fre¬ 
quency  applicaiions. 

We  will  gladly  suppiT  samples  for  testing. 


D.  M.  STEWARD  MFC.  COMPANY 

Motn  Off*C«  A  M^vrhfi  Clh«tf0sa«of o,  fenn. 
Needf'or^  Man  CK»<«g«  •  l#s  Arvg«lvs 


capacities  to  SO  KVA 


No  ELECTRAN  Trans¬ 
former  is  considered  a 
“stock”  model.  E^ch  is 
built  to  function  with 
maximum  efficiency  for 
a  specific  instaUation. 


Electran  production  facilities  are  completely  flexible  and  are  espe¬ 
cially  geared  for  the  rapid  completion  of  small  or  medium  quantities. 
Engineering  facilities  permit  production  of  Transfoimers  to  your 
exact  specifications  or  prints,  or  the  complete  design  and  engineer¬ 
ing  of  Transformers  to  meet  your  specific  needs  when  your  prints 
are  not  available.  Your  inquiries  are  invited. 


Electran  A/1fg.  Co. 


2‘ 
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PHIHT 


SUPREME 


mOTHER 
SPECIAL  BY 
PR06RESSIVE 


creasinsr  the  echoing  efficienciee  of 
small  vessels  is  of  immediate  im¬ 
portance,  and  study  of  the  condi¬ 
tions  under  which  such  increased 
echoing  eflBciencies  should  be  re¬ 
quired  on  small  vessels  should  be 
undertaken. 

A  chart  comparison  unit  is  a  de¬ 
sirable  but  not  essential  auxiliary 
device. 

The  Administrations  of  the  vari¬ 
ous  countries  should,  seperately  and 
independently,  examine  the  ques¬ 
tion  of  the  qualifications  required 
of  personnel  certificated  or  licensed 
to  operate  or  maintain  shipborne 
radar  equipment. 

The  question  of  charts  for  use 
with  radar  should  be  coordinated 
with  the  chart  requirements  for 
other  navigational  aids. 

Shore-based  radar  has  many  pos¬ 
sible  applications  to  maritime  us¬ 
age,  and  operational  trials  should 
continue. 

The  time  has  not  yet  come  for 
world  standardization  restricting 
shipborne  radar  to  a  single  fre¬ 
quency  band.  It  is  desirable  that 
operational  trials  should  continue 
with  shipborne  radar  operating  in 
the  range  between  3,000  and  10,000 
me. 

A  true  bearing  display  is  very 
desirable  but  not  indispensable. 


TO  BE  AHEAD 

in  £uyln^  'CeH  Equipment 


RCA  Opens  Exhibit 

To  FAMILIARIZE  the  public  with 
products  and  services  of  Radio  Cor¬ 
poration  of  America,  a  huge  show¬ 
room  has  been  set  up  extending  for 
more  than  190  feet  along  49th 


Ask  your  nearest  SUPREME  Jobber  for 
a  demonstration  of  Model  599>A  Tube 
and  Set  Tester  (above),  Model  56I>AF 
&  RF  Oscillator,  Model  546-A  Oscillo¬ 
scope,  Model  592  Speed  Tester.  Ask  to 
see  the  complete  line  of  SUPREME 
equipment. 


SPCCIFICATION* 

DC  Veits  —  S  ranees  0/6/15/ ISO/MO/ISOO 
volts.  lOOO  olwm  per  volt. 

AC  Volts— .3  rofigcs  0/1S/150/600  volts. 

OC  Correot  —  3  ranees  O/6/eO/eOO  milMamps. 
Output  Volts— 0/13/150/600  volts. 

Otommeter  —  4  ranees  0/200/20.000  oiNns  ane 
0/2/20  mreoPnts. 


Condenstr  CPechcr  onmmeter  provtOca 
fast  mettiod  of  cPecNinc  lealiaee  of  both 
paper  and  electrolytic  condensers. 

Battery  Tester  —  Tests  most  commonly 
^  used  dry  portable  batteries  of  1.5/4. 5/ 
A  6.0/45/90  volts.  Caelish  readine  **lte- 
-\  pface-Cood**  scale. 


Tube  Testine  Circuit  Incorporates 
proven  and  modernised  emission  circuit. 
CbechS'  for  sbort.  lealiaee.  and  noise 
tests  between  elements. 

Power  Supply— 100-133  volts— 50/60 
cycles.  Special  voltaees  and  tre* 
fluencies  on  request. 


Tha  marine  radio  eection  of  the  RCA 
Exhibition  Hall  ehowe  postwar  commercial 
Tersions  of  loron.  radar,  and  radiotele¬ 
phone  eq[uipment 


fTHE  AMERICAN  STEEL  EXPORT  CO.  Inc. 
1347  Madison  Av...  New  York  17,  N.  Y.,  U. 
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COMPwif 


UNIVERSAL  MICROPHONE  CO 


iw^fxn 

delay 

RELAY 


jAvfcd 


♦  10 

‘  VOLTA.;:  .r  .-.v 
'  BATTERY  6  HARGER 
^  VARIES  APPROX 


WITH  AM  PE  KITE 

VOLTAGE  VARIES 
ONLY 


F.WiSTEWART  MFG.CtlRP. 

4311-13  RAVENSWOOD  AVE. 
CHICAGO  13,  ILL. 

WEST  COAST  BRANCH: 

431  V«nic«  Blvd.;  Lof  Anjclct  IS,  Cal. 


MPERITE  CO.,  561  Broadway,  New  York  17  ,N.Y. 

In  Canada:  Atlas  Radio  Corp..  Ltd.,  560  King  St..  W.  Toronto 


One  Good  Titrn^  or  a  Million 


*  Hero,  in  MpcuidAd  plant  tacilitiM,  GRACOlL  CoUa  and  ^ronstormers  or*  •xpnrtlr  dMiqnnd 


EstoblitlMd  in  1935 

Electrical  Coils  and  Transformers 

CHICAGO  39,  ILL 


THERMOSTATK  MiTAl  TYPE 


FLEXIBLE  SHAFTS 

that  carry  power 
around  any  corner 
have  many  new  uses 
in  peace-time  develop¬ 
ments.  Faithful,  de¬ 
pendable  power  drives 
or  remote  control  in 
airplanes,  automobiles, 
radio,  and  many  other 
commercial  pro^uas. 

Shafts  made  to  your 
specifications.  Our  en¬ 
gineering  department 
will  work  out  your 
particular  power  prob¬ 
lem  without  obliga¬ 
tion. 

ITriU  toddy  for 
Mdmual  D 


if  PROVIDE  DELAYS  RANGING 
^  FROM  I  TO  120  SECONDS 

X  EATURES: — Compensated  for  ambient  temperature  chonges  from 
— 40*  to  1 10*  F  , . .  Hermetically  sealed:  not  affected  by  altitude,  moisture 
or  other  climate  changes  .  .  .  Explosion-proof  .  .  .  Octal  radio  boss  .  .  . 
Compact,  light,  rugged,  inexpensive  .  .  .  Circuits  ovoilable:  SPST  Nor¬ 
mally  Open;  SPST  Normally  Closed. 

PROBLEM?  Send  for  "Special  Problem  Sheet"  and  Bulletin. 


AHmoTi  RKUIATORS 


An^MtUe  REGULATORS  ore  the  simplest,  lightest  cheapest  and  most  compact  method 
oi  obtodning  current  or  voltage  regulotion  .  .  .  For  currents  of  .060  to  8.0  Amps  .  .  . 

HermetfoaRy  sealed;  ix>t  affected  by  altitude,  ombient  temperature,  humidity. 
A _  Write  for  4-pctge  Illustrated  Bulletin. 
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»  BUTTERFLY 
CAPACITORS 


BK-25  IllUSTRATEO 


CONSTRUCTION 

•  Soldered  rotor  and  stator  assemblies. 

•  Silver  plated  rotor  contact. 

•  Sleeve  type  bearing. 

•  Low-loss  ceramic  end  panel  in.sq., 
silicone  treated. 


SPfCIAL  FEATURES 

Two  methods  of  use,  each  with  impor¬ 
tant  advantages: 

1  —Series  capacitor,  no  rotor  connec¬ 
tion— No  rotor  contact  losses — Low 
Inductance. 

2 — Dual,  split  stator  capacitor. — Mech¬ 
anical  and  electrical  symmetry.— 
Positive  wiping  rotor  contact. 

Uolotcd  ttudt  allow  capacitor  to  ba  movntad 
without  grounding  rotor.  Rotor  Shoft  slottod  for 
•cro)u.^rivor  odiuctmont. 

Rotor  maintain*  lotting  during  modoroto  vibro* 
tion  bocou*#  of  boloncod  shopo. 

STANDARD  SIZIS 


Inouirio*  or*  Invitod  from  monufacluror*  ro* 
gording  (pociol  copociti**  and  modiflod  dotigns, 
whoro  •iiooM*  production  will  ho  involvod. 


CODE 

Cop.  Par  Sac. 

In  MMFD 

Max.  Min. 

BFC-12 

BFC-23 

BFC-38 

14.5  3.S 

27A  S.O 

40.5  6.3 

NEWS  OF  THE  INDUSTRY  (continuod) 


See  youraolf  by  toloTUdoD  in  this  eomor 
of  the  newly  opened  RCA  Exhibition  Roll 
in  New  York  dty.  Step  up  on  the  circular 
platiorm.  press  a  button,  and  the  camera 
boom  at  Uie  left  will  make  a  120^egree 
trorerse  to  show  all  sides  of  your  ioce  as 
you  watch  the  screen  of  the  teleoision 
receioer  in  the  plcutic  dome  overheod. 
Friends  can  watch  repeater  screens  in 
the  foreground 

Street  in  New  York  City,  opposite 
the  RCA  Building.  Here  visitors 
can  see  the  history  of  RCA  and 
NBC  depicted  in  miniature  wood- 
carvings  and  models,  study  trans¬ 
parent  plastic  enlargements  of 
tubes,  see  themselves  on  a  television 
screen,  see  an  individual  RCA  Com¬ 
munications  line  traced  in  neon  tub¬ 
ing  on  a  huge  map  when  they  press 
a  button  for  a  particular  city  any¬ 
where  in  the  world,  and  study  a 
host  of  other  unique  displays  fea¬ 
turing  the  wonders  of  modern  elec¬ 
tronics. 

Microwave  Radio  Terminal 
On  Pentagon  Roof 

A  SIX-STATION  microwave  radio  re¬ 
lay  network  extending  from  the 
War  Department  offices  in  the  Pen¬ 
tagon  building  to  the  headquarters 
of  the  Army  Ground  Forces  at  Fort 
Monroe,  Virginia,  is  now  being 
tested  by  the  Signal  Corps. 

The  equipment  was  developed  by 
the  Bell  Telephone  Laboratories 
during  the  war,  and  has  facilities 
for  eight  telephone  conversations 
simultaneously,  a  maximum  of  96 
printing  telegraph  circuits,  or  a 
combination  of  telephone  and  tele- 


Hex-sockef  screws 
in  numbered  sizes 

extra- dependable 

for  electronic  devices 

Tiny  hex-socket  Cap  Screws  and  Set 
Screws  steeled  to  stand  amazingly  tight 
set-ups.  Cap  Screws  in  the  numbered 
sizes  from  1  to  10  inclusive;  Set  Screws 
from  No.  2  to  10. 

The  Cap  Screws  are  Allen  "prtssur- 
formd"  for  maximum  strength  of  head 
and  socket.  This  process  makes  the 
steel -fibres  conform  to  the  shape  of  the 
head,  —  no  cut  fibres.  Threads  also 
formed  by  pressure-process  to  a  high 
Class  3  fit,  ensuring  a  high  degree  of 
frictional  holding -power. 

The  Set  Screws  have  die-cut  threads 
accurate  to  a  high  Class  3  fit,  with  per¬ 
fectly-formed  hex  sockets.  The  screws 
can  be  held  on  either  end  of  the  handy 
hex  keys  and  turned  into  the  tapped 
hole  without  fingering.  Allen  Hand 
Drivers  are  available  to  facilitate  fast 
assembling. 

In  radio  and  television  sets,  radio 
telephones,  radar  equipment,  elec¬ 
tronic  controls,  these  screws  HOLD 
fine  adjustments  and  intricate 
assemblies. 

Order  of  your  local  Industrial  Distributor 


THE  ALLEN  MFC.  CO.. 

HARTFORD  1,  CONN.,  U.  S.  A. 
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SlABUn^D'^ 


HIS  IS  SMALL  IN  SIZE 
GREAT  IN  PERFORMANCE 

Smaller  la  liz*  them  a  postage  stamp 
and  extremely  light  la  weight,  the  H15 
"Stabilised"  Crystal  is  on  outstanding 
periormer.  Because  oi  on  exclusiye 
JK  feature  there  is  no  mechanical  strain 
on  the  lends.  Neither  does  soldering 
oi  the  leads  offset  crystal  frequency. 
Cem  be  supplied  in  o  frequency  range 
specified  ^  the  customer. 

Writ*  For  Foldor  Or  Stat* 
Year  Crystal  FrebMais 


The  JAMES  KNIGHTS  CO. 

SANDWICH,  ILLINOIS 


lAe  YI&-WeatAe^ 


Tr 

\ 
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S.SWHITE 


Noiseless  in  operation 
Strong  and  durable 
Good  performance  in  all 
climates 

standard  range 

1000  ohms  to  10  megohms 
•  NOISE  TESTED  • 

At  slight  additional  cost,  resistors  in  the 
Standard  Range  are  supplied  with  eoch 
resistor  noise  tested  to  the  following  stand¬ 
ard:  "For  the  complete  audio  frequency 
range,  resistor  shall  hove  less  noise  then 
cortesponds  to  a  change  of  resistance  el 
1  part  in  I.OOO.OOa" 

HIGH  VALUES 

15  to  1,000,000  megohms 


tf.~'.lZIMDUSTRIAL  DIVISION 

Dirfe  tg  10  SAST  40tli  STe.  Nl  y  TORJC  10.  N.  T.. 


fUMU  MAfT  fOOU  •  MMAn  ACCMS— Wf 
•  IMCMAfOMMA  IVMm 


Om€o^  j4maUetu  AA4A  gwHwjftWsss 


Molded  Phenolic 

COIL  FORMS  •  BOBBINS 


Yog  con  save  on  mold  and 
piece  chorges  at  Mayfair 

Coil  forms  or  bobbins,  made 
to  your  specifications. 

Our  mold  charges  are  tower 
than  were  formerly  consid¬ 
ered  possible. 

Send  print 

for  prompt  quotation 


Moyfaif 

MOLDED  PRODUCTS  CORPORATION 
4440  EItton  Avenue  *  Chicogo  30 


Seeing  now  made 
possible  by  remark¬ 
able  new  electronic 
features,  embodied  in 


SECONDS 
TO  the  inch 


PRESSUREGRAPH  with  Syncro-Marker 


Reproduces  on  oscillograph  screen,  accu¬ 
rate  picture  of  pressures  during  and  after 
explosion,  relotes  pressure  Toriationa  to 
time,  top  deod  center,  onqulor  Telocity, 
etc.  See  pressure-time  characteristics  of 
automotiTe,  ist  and  Diesel  engines,  also 
compressors,  pumps,  etc.  Operates  orer 
range  from  static  up  to  10,000  cycles  at 
pressures  from  0  to  10,000  lbs. 

Seed  for  deserlptloe  and  fell 
engineering  data. 


Angdlof  Synt  rrmuragroph  Syncro-Mariiar  OKilles>apK 


ELECTRO  PRODUCTS  LABORATORIES 


549  W.  Randolph  St..  Chicago  6,  III. 


Phone  ST  ate  7444 
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NEWS  OF  THE  INDUSTRY 

graph  circuits.  The  operating  fre¬ 
quency  is  close  to  6,000  me.  Any 
of  the  stations  can  be  dismantled, 
moved  to  another  site  miles  away, 
and  placed  in  operation  again  in  a 
matter  of  hours,  as  required  to  keep 
pace  with  the  moves  of  major  head¬ 
quarters  in  highly  mobile  warfare. 


Radio  Conference 

Membebship  of  the  United  States 
delegation  to  the  International 
Radio  Conference  which  began  May 
16  at  Atlantic  City,  New  Jersey,  is 
as  follows: 

Chairman:  Charles  B.  Denny,  Chalruian. 
FCC. 

Vice-Chairman:  Francis  Colt  deWolf, 
Chief,  Telecommunications  DlTlalon,  De¬ 
partment  of  State. 

‘  Delegatea:  Gordon  L.  CasifeU,  Captain, 
U.S.N.,  Fleet  Operations,  Communications 
Officer,  Nary  Department. 

J.  Howard  Delllnjrer,  Chief,  Central  Radio 
Propagation  Laboratory,  Dlrision  14,  Na¬ 
tional  Bureau  of  Standards,  Department  of 
Commerce. 

Ewell  K.  Jett,  Commissioner,  FCC, 

Donald  E.  McKay,  Captain,  U.S.C.O., 
Chief.  Communications  Division,  United 
States  Coast  Guard,  Treasury  Department. 

Paul  D.  Miles,  Chief,  Frequency  Servlce- 
AUocation  Division,  FCC. 

Harvey  B.  Otterman,  Assistant  Chief, 
Telecommunications  Division,  Department 
of  State. 

A.  G.  Simson,  Consultant,  Communica¬ 
tions  Liaison  Branch,  Office  of  the  Chief 
Signal  Officer,  War  Department. 

Edward  M.  Webster,  Commissioner,  FCC. 

ConauUantt:  Spencer  B.  Akin,  Major  Gen¬ 
eral,  U.S.A.,  Chief  Signal  Officer,  United 
States  Army,  War  Department. 

Harold  M.  McClelland,  Major  General, 
r.S.A.,  Commanding  General,  Airways  and 
Air  Communications  Service,  War  Depart¬ 
ment. 

Earl  E.  Stone,  Rear  Admiral,  U.8.N.,  Di¬ 
rector  of  Naval  Communications,  Navy 
Department. 

In  addition,  there  are  over  20  ad¬ 
visers  from  various  government  de¬ 
partments,  along  with  representa¬ 
tives  of  private  telecommunications 
operating  companies  who  have  been 
certified  as  part  of  the  delegation  in 
an  advisory  capacity. 

The  second  of  the  series  of  three 
conferences  scheduled  for  this  sum¬ 
mer,  the  International  Telecommu¬ 
nications  Plenipotentiary  Confer¬ 
ence,  convenes  July  1  at  Atlantic 
City.  The  International  High  Fre¬ 
quency  Broadcasting  Conference 
meets  immediately  after  the  close  of 
the  second  conference. 


J^ECORD  enthusiasts,  are  critical  cus-  Check  this  list  of  major  features; 

tomers — whether  they  be  devotees  of-  ^  1^^  Naedla  Talk 
Bach  or  boogie-woogie.  Better  and  better  _ 

reproduaion  of  their  favorite  recordings  •  "tongmit  noaow  seroven 
is  an  insistent  demand  that  must  be  met.  ®  Wstortloii 

#  Fonnanant  sopphiro  stylws 

The  General  Electric  Variable  Reluc-  ^  ^ 

n-  ,  .  ,  .  9  MlnliiHNii  rocord  wear 

taoce  Pickup  can  help  yon  to  meet  that 

demand.  It  will  appeal  imm^iately  to  the  ®  Fraquancy  rasponsa 
technical  mind  due  to  its  simplicity  and  30-10000  cydas 

direct  resolution  of  difficulties  often  asso-  9  Net  alTeeted  by  adverse 
dated  with  phonograph  pickups.  dimatk  cendMens 

For  complete  information  write  to: 

Ganaral  Elactric  Company,  EUctronics  Department,  Syracuse  I,  N.  Y. 


GENERAL 


ELECTRIC 


HIGH  FIDELITY 


SPECIFY  KENYON  TELESCOPIC  SHIELDED  HUMBUCKING  TRANSFORMERS 


For  low  hum  and  high  fidelity  Kenyon  tele¬ 
scoping  shield  transformers  practically 
eliminate  hum  pick-up  wherever  high 
quality  sound  applications'  are  required. 
CHECK  THESE  ADVANTAGES 

low  HUM  PICK-UP  .  .  .  Assures  high  gain  wiHi 
minimum  hum  in  high  fidelity  systems. 

HlOH  nOEUTY  . . .  FrequeiKy  response  flat  with¬ 
in  ±  1  db  from  30  to  20,000  cycles. 

DIFFERENT  HUM  RATIOS  . . .  Degrees  ef  hum  re¬ 
duction  with  P-200  series  ranges  from  50  db 
to  90  db  below  input  level  .  .  .  made  possible 
by  unique  humbuckling  coil  construction  plus 
multiple  high  eftlciency  electromagnetic  shields. 
QUAllTY  DESIGN  .  .  .  Electrostatic  shielding 
between  windings. 

k*  WIDE  INPUT  IMPEDENCE  MATCHING  RANGE. 
EXCELLENT  OVERALL  PERFORJWANCE  .  .  .  Rugged 
construction,  lightweight- mounts  on  either  end. 
SAVES  TIME  ...  In  design  ...  In  trouble  shoot¬ 
ing  ...  in  production. 

Our  standard  line  will  save  you  time  and  money. 
Send  tor  our  catalog  for  complete  technical  data  on 
specific  types. 

For  any  iron  cored  component  problems  that  are 
off  the  beaten  track,  consult  with  our  engineering 
department.  No  obligation,  of  course. 


Harvard  Laboratory 
Renamed 

Harvard  University’s  research  lab¬ 
oratory  in  physics  will  be  called  the 
Lyman  Laboratory  of  Physics  after 


ELECTRONICS 


Expond^d  Lo9ar<tl«mk  Diol  Scot*  with 
A  Folrchlld  How-iWwor  Tot.* 
Totol  Colibfotlow  Crrpr  £  1% 


EISLER 

ELECTRICAL  &  ELECTRONIC 

EQUIPMENT 

ELECTRONIC  TUBE  EQUIPMENT 

24  HfAD 
RADIO  TUU 
EXHAUSTING 
MACHINi 


Wa  Make 
Complata 
Equipmant 
For  Tha 
Manufactura 
Of  Incandaa* 
cant  Lamm 
Radio  and  Eiac- 
tronlc  Tubas. 

TRANSFORMERS  OF  ALL  TYPES 

Far 

LIGHTING 


CHANGING 

DllTtllUVI6N 

ITC. 


Air,  on. 
or  Wotar 


Sixas  >/4  To  2S0  KVA  ; 

SPOT  WELDERS 

OF  AU  TTPES 
FOR  ALL  FURFOSIS  I 

SIZfS  Va  to  2S0  KVA  1 

Baft  Waldars  •  Gaa  Waldarl^i 
Arc  Waldars 
Naan  Sign  Ualts 
Flaorascaat  Tuba  ! 

Maaafaetaring  Eqnipmant 

CHAS.  EISLER  | 

EISLER  ENGINEERING  CO..  INC.  I 

751  8a.  IStli  St.  (Naar  Avon  Ava.),  Nawark  3,  N.  J. 


JONES  SHIELDED  TYPE 
PLUGS  and  SOCKETS 

+Low  loss  Plugs  and 
Sockets  suitable  ior 
high  frequency  cir¬ 
cuits.  Ideal  lor  an¬ 
tenna  connections, 
photo-cell  work,  nd- 
crophone  connec- 
fions.  etc.  Supplied 
in  1  and  2  contact 

f  types.  The  single 
contact  type  can 
be  famished  with 
y4^.290".i«^".y8". 
or  Vi**  ferrule  for 
coble  entrance. 
Conrlad  nut  sacnralT 
g,jgi  fastans  units  togathar. 

An  matol  ports  ora  of 
broia  sultobly  plotad  to  maat  Nory  spacifl* 
cotlons.  No.  101  Saiiaa  Plugs  hoaa  caromlc 
Insulation  ond  Sockats  bora  XXX  Bokalita. 
For  complala  listing  ond  information  writs 
today  ior  your  copy  o!  catolog  No.  14. 


HOlDflRD  B.  joncs  Division 

cincH  mrs  coRP 

2460  UU  G€0RG€  ST.  CHICAGO  18 
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CRITICAL 

CONTROL 

POINTS 


Study  the  calibration  sketches  shown  above.  They  illustrate  how 
a  precision  Fairchild  non-linear  potentiometer— tt'AscA  permitted 
the  uniform  scale  to  be  arbitrarily  expanded  into  a  logarithmic  dial 
that  provided  a  more  readable  calibration  control  at  critical  points 
—successfully  replaced  a  less  accurate  linear  potentiometer  and  a 
difficult-to-r^  meter.  The  change-over  to  a  Fairchild  non-linear 
potentiometer  tripled  the  accuracy  of  control,  eliminated  a  meter 
and  provided  greater  reliability  under  severe  operating  conditions. 
For  data  address:  Dept.  D,  88-06  Van  Wycl^Blvd.,  Jamaica  1,  N.  Y. 


CAMERA 

^  AND  INSTRUMENT  CORPORATION 


The  Advance  type  951  C  is  a  heavy  duty  SPST  relay. 
Its  pure  silver  contacts  are  rated  at  20  Amps.,  110 
V.A.C.  for  non-inductive  loads... ideal  for  use  in  motor  con¬ 
trols  where  high  starting  currents  cause  special  problems. 

For  applications  in  which  higher  currents  must  be  handled, 
the  Advance  type  961  C  may  be  used.  This  relay  is  similar 
to  the  one  illustrated  above,  except  that  it  has  two  sets  of 
pure  silver  contacts  banded  together... rated  at  30 
Amps.,  110  V.A.C.  non-inductive. 

Both  relays  are  built  for  heavy  duty,  dependable, 
trouble-free  service ...  coil  voltages  up  to  230  V.D.C.  and 
up  to  440  V.A.C.  w  .  j  I  u 

^  Wnfm  foday  for  May,  1947,  catalog 


“Idvance  He/ays 


ADVANCE  ELECTRIC  &  RELAY  CO. 

1260  Watt  2nd  St.,  Lot  Angolot,  Californio  •  Phono  MIchigon  9331 
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AlUEb 

DISCS 


ALLIED  Discs  are  ionrorsd  by  noted 
broadcasters  and  other  users,  for  their 
high  fidelity.  Test  them  on  your  work. 
One  of  the  first  companies  to  make 
iiutantaneous  recording  equipment. 
ALLIED  offers  you  the  benefits  of  its 
seasoned  skili. 

Write  tor  our  ffew  Descriptire  Bulletin. 

4aib 


RECORDING  PRODUCTS  CO. 


2|.W  43d  A**..  LONG  ISLAND  CITY  I.  N.  V. 


ceoperoffee 
'coif  Cleveloed** 


oppffcaffoas  of 

COSMALITE* 

a  spirally  laminated  paper  base*  Phenolic 
Tnbe. 

For  co!l  forms  in  ell  stendard  broadcast  receiv¬ 
ing  sets,  specify  ^96  Cosmalite. 

For  permeability  tuners,  specify  SLF  Cosmalite. 
LOWER  COSTS  .  .  .  Quick  Deliveries 
Ask  about  our  spirally  wound  kraft  and  fish 
paper  Coil  Forms  and  Condenser  Tubes. 

•TrmU  wtart  rwiftsred. 


BOOKS 

FOB  THI 

ENGINEER 


Your 


UNDERSTANDING 

MICROWAVES 

(Chapter  Heads) 

The  Ultra  High  FregweiKy  Ceecept 
Stationery  Charge  and  its  Field  *  Mag¬ 
netostatics  .  Alternating  Current  end 
Lumped  Constants  *  Transmission  lines 
Foynting's  Vector  and  Moxurell's 
Iquotions  .  Waveguides  .  Resonant 
-Cavities  .  Antennas  .  Microwave 
Oscillators  .  Radar  and  Communicct- 
tion  .  Section  Two  is  devoted  to  de¬ 
scriptions  of  Mkrewove  Terms,  Ideas 
end  Theorems.  Index. 

400  PAGES  PRICE  $4.00 


A-C  CALCULATION 
CHARTS 

Student  engineers  will  find  this  book 
^  invaluable.  Simplifios  and  speeds 
work.  Covers  all  AC  calculations 
from  10  cycles  to  1000  mogacydes. 


Specifications  are  our  Guide 
to  your  washer  needs . . . 

Design  and  material  in  wathars  for  electrical  products  are  im¬ 
portant.  QUADRIGA  washers  are  made  exactly  to  your  specifica¬ 
tions  in  a  wide  range  of  materials,  shapes  and  sixes.  Prompt  delivery. 

QUADRIGA  WASHERS 

All  types:  flat,  special  dimansion,  irregular,  contour,  finishing, 
tension,  cupped  and  drawn,  friction,  dished  blanks,  etc.  Wire 
Terminals.  ALSO  SMALL  METAL  STAMPINGS— ANY  DESIGN. 
WRITE  for  Quadriga  Catalog. 

THE  QUADRIGA  MANUFACTURING  CO. 

Inc.  1994  “Half  a  Centnry" 

221 A  West  Grand  Ave.  Chicago 


160  PAGES 


PRICE  $7  JO 


JOHN  F.RIDER, Publisher Jnc. 

404  fOUSTH  AVINUl  NIW  TOtX  U  N  V. 

iirosioiv  Rocsi  iHTiiNtTionsi  me  cssr 

t]|  tOfM  STif IT  xln  TOSS  CITT  CASH  SSist 


JUST  ANOTHER  TRANSTORMERl 
ORGUARANTEBV 

terminal  performance. 


TRANSFORMERS -COILS 

Any  or  all  Type»  built  to  individual  tpecificationa 
RESEARCH-DESIGN-PRODUCTION 
Single  Itema  or  Quantity  Production 

GOSLIN  ELECTRIC  AND  MANUFACTURING  CO. 

2T21  WEST  OLIVE  ST2EET  lURIANK.  CALIFORNIA 
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BUD^RADIO,  INC 


CLCVCLAIO  I.  OHIO 
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June  30  in  honor  of  Prof.  Theodore 
Lyman,  retiring  director  who  has 
held  this  post  since  1910.  Prof.  Ly¬ 
man  is  internationally  known  for 
his  researches  in  ultraviolet  spectro¬ 
scopy,  the  Bohr  quantum  theory 
of  line  spectra,  and  improved  vac¬ 
uum  techniques.  He  is  a  past  presi¬ 
dent  of  the  American  Academy  of 
Arts  and  Sciences  and  of  the  Amer¬ 
ican  Physical  Society,  and  holds  the 
Rumford,  Elliott  Cresson,  and 
Frederick  Ives  medals.  His  succes¬ 
sor  will  be  Dr.  Roger  W.  Hickman. 


can  easily  break  up 
your  very  best 
hook-ups 

WIm*  yo«  sf*ad  9—4  wo— y  far  npaa- 
•iva  aqalpaiaaf  ...  arhaa  yaa  tpaad 
hoars  of  tfaaa  arahiag  eoaiplieatad 
ossoaihliot  ...  why  taka  choacot  with 
coadaasors  that  aMy  fait  at  tha  eritieal 
ihooiaat.  Usa  RUD  coadaators  that  yaa 
caa  dapoad  aa  for  staady  laaa-raaga 
sarvicoablo  parfaraiaaco.  *  Rad  eoa- 
doatars  oaiboihr  tha  latast  aaqiaoariaq 
adfoacsaisati  ...  ara  aiada  ta  pra- 
elsloa  tolaroaeos  ...  aad  hnpoatad 
avory  stop  of  tha  way.  Thay  ara 
racoqahod  far  oatstaadlaa  parforiaaaco 
tha  world  ovor.  Tho  ROD  varlabla 
eoadaasor  liaa  aoaslsts  of  taalaq,  aaa* 
tralisiao  aad  paddor  caadoasort  — 
froai  qlaat  to  aiidqot  tisas  —  dasiqaod 
ta  qivo  ataximaai  sorvka  at  aiodarata 
cost. 


Navy  Science  Training 

Approximately  800  Navy  scientists 
and  technicians  in  the  Washington, 
D.  C.  area  will  study  for  advanced 
academic  degrees  this  fall  while 
continuing  their  government  work. 
This  will  be  a  100-percent  increase 
over  the  Navy's  1945-46  science 
training  program,  when  approxi¬ 
mately  400  scientists  enrolled  in  20 
courses. 

Navy  officials  point  out  that  such 
graduate  study  improves  the  per¬ 
formance  and  professional  compe¬ 
tence  of  personnel  engaged  in  sci¬ 
entific  and  technical  work,  and  at 
the  same  time  is  an  important  fac¬ 
tor  in  attracting  high-grade  per¬ 
sonnel. 


Offering  complete  insulation  .  .  . 
current  capacity  of  30  amperes 
.  .  .  working  voltage  of  1000 
volts;  the  new  Superior  Binding 
Post  type  DF30  meets  the  need 
for  a  multi-purpose  electrical 
connector. 


1.  Permanent  clamping  of  wire  up  to  ^12 
through  the  center  hole. 

2.  Looping  of  wire  around  the  center  shaft 
and  clamping. 

3.  Plug-in  of  standard  W  banana  plug. 

4.  Clip-lead  by  removing  the  hexagonal 
shaped  phenolic  head. 

5.  Spade  lug  connection. 


DESCRIPTIVE  LITERATURE  ON  REQUEST 


D-F  for  Lost  Pilots 

Three  U.  S.  radio  direction-finding 
networks  are  available  to  help  lost 
civilian  fliers.  Largest  is  that  of 
the  FCC,  which  has  ten  primary  d-f 
stations  on  a  teletype  hookup  and 
seven  others  in  a  radio  network,  all 
ready  to  concentrate  immediately 
on  any  transmission  between  2  and 
20  me  from  an  aircraft  in  distress. 
This  network  handles  an  average  of 
11  lost-aircraft  emergency  calls 
every  month. 

The  Coast  Guard  has  four  d-f  sta¬ 
tions  equipped  to  take  bearings  over 
the  same  frequency  range  as  the 
FCC  stations,  and  in  addition  main¬ 
tains  a  continuous  listening  watch 
on  the  8,280-kc  emergency  fre¬ 
quency. 

Recently  the  Army  offered  use  of 
its  19  vhf  d-f  stations'  in  the  United 
States  to  civilian  fliers,  for  giving 
bearings  on  transmissions  between 


Just  released  .  .  .  Bulletin  547  complete 
with  ratings,  detail  drawings,  performance 
and  engineering  data  on  POWERSTAT 
variable  transformers  and  STABILINE  Volt¬ 
age  Regulators.  Get  your  copy. 


.  .  .  with  the  latest  types  of  eqeip- 
ment  includieg:  coedeiisers  •  chokes  • 
coils  •  ieselators  •  plugs  -  focks  • 
switches  •  dials  •  test  leads  •  jewel 
lights  and  a  complete  line  of  ultra¬ 
modern  cabinets  and  cImssIs. 

See  RUD'*  modern  line  of  cabinets, 
rack*,  aad  chassis  at  your  distributor. 


The  SUPERIOR  ELECTRIC  Co. 

887  LAUREL  STREET 
BRISTOL.  CONN. 
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(which  tells  how  much  power  must 
be  used  to  transmit  a  particular 
frequency  over  a  particular  dis¬ 
tance)  ,  and  the  heights  of  the  vari¬ 
ous  layers  (which  is  accomplished 
through  the  use  of  radar-like  echo 
equipment). 

Groups  now  using  the  Bureau’s 
sunspot  prediction  service  include 
domestic  and  overseas  airlines, 
steamship  lines  and  the  merchant 
marine,  television  and  radio  schools, 
universities,  libraries,  radio  and 
telegraph  companies,  manufactur¬ 
ers  of  communication  equipment, 
consulting  radio  engineers,  press 
wireless  and  telegraph  services, 
broadcasting  companies,  industrial 
electrical  firms,  navigation  instru¬ 
ment  companies,  research  labora¬ 
tories,  electric  power  companies, 
and  geophysical  exploration  organi¬ 
zations. 

In  the  Federal  Government  the 
Army  and  Navy  are  the  main  users ; 
others  are  the  Weather  Bureau, 
State  Department,  FCC,  CAA,  Im¬ 
migration  and  Naturalization  Serv¬ 
ice,  Forest  Service  Radio  Labora¬ 
tory,  and  Coordinator  of  Inter- 
American  Affairs. 


FCC  Changes  Regulations 
Governing  Aeronautical 
Radio 

New  rules  and  regulations  govern¬ 
ing  aeronautical  radio,  comprising 
Part  9  of  the  FCC  setup,  became 
effective  May  1.  In  effect,  these 
changes  constitute  a  revamping  of 
Aeronautical  Radiocommunication 
Service  to  accommodate  aviation’s 
postwar  developments  and  meet  cur¬ 
rent  needs  of  industry,  government, 
and  private  interests. 

Next  to  the  amateur  service,  the 
aviation  service  now  constitutes  the 
largest  single  radio  group  licensed 
by  the  Commission.  At  the  present 
time  there  are  nearly  15,000  avia¬ 
tion  stations,  of  which  nearly  13,000 
are  aircraft  and  the  remainder  are 
ground  facilities. 

To  meet  a  growing  demand  for 
radio  communication  in  flying  in¬ 
struction,  the  FCC  has  authorized 
the  Flying  School  class  of  station. 
Flying  School  stations  may  also  be 
used  by  soaring  societies  in  connec¬ 
tion  with  motorless  flight  activities. 
To  facilitate  testing  of  aircraft,  fre- 


FOR  LUGS  AND  TERMINALS 


FOR  WINDINGS  AND  LEADS 


FOR  SWITCHES 


FOR  ALL  CURRENT- 
CARRYING  CONNECTIONS 


YOU^  CAN'T  BEAT-- 

siL-roSa^ 

usY-no 

BRAZING 

These  two  Handy  &  Harman  paiented  low- 
femperature  silver  brazing  alloys  give  you 
•veryfhiiig  you  want  in  making  electric 
current-carrying  joints.  For  joints  brazed 

with  SIL-FOS  and  EASY-FLO  .  .  . 

1.  are  high  in  electrical  conductivity 

2.  are  strong  as  the  joined  metals  them¬ 
selves,  with  the  ductility  to  withstand 
severe  vibration,  shock  and  temperature 
changes. 

3.  offer  excellent  resistance  to  most  cor¬ 
rosive  agents. 

4.  are  maintenance-free  —  for  they  won't 
oxidize  and  can't  come  loose.  Yet  they 
can  be  quickly  taken  apart,  if  required, 
by  simply  applying  heat. 

And  last  but  not  least,  SIL-FOS  and 
EASY-FLO  brazing  is  fast  and  surprisingly 
low  in  cost. 

BULLETIN  12-A  gives  you  full  details. 
Write  for  a  copy  today. 


HANDY  &  HARMAN 

83  FULTON  ST.,  NEW  YORK  7,  N.  Y. 

NsdsijjT  a  mii0Spm7  Bti<g»pai*.  Co*-  *  cli»xaf e  1*1  •  Awgetes 
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SERIES  6FZ 


TYPE  6FZ2A2B 
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120  and  140.58  me.  The  latter  fre¬ 
quency  has  been  approved  for  emer¬ 
gency  GCA  use  by  civilian  planes. 

A  pilot  requiring  direction-find¬ 
ing  assistance  need  only  notify  any 
available  CAA  facility  of  his  diffi¬ 
culty,  giving  a  list  of  frequencies 
on  which  he  is  equipped  to  transmit. 
After  direction-finding  personnel 
have  been  alerted,  he  will  be  told 
which  frequency  to  use  for  a  long 
call  comprising  five  minutes  or  more 
of  steady  radio  transmission  with 
repeated  identification  calls.  After 
a  fix  or  bearing  is  obtained,  the 
pilot  will  be  given  a  course  to  fly 
to  the  nearest  suitable  landing  field. 


tough  fastening 
problem 


o  o  o 

Designs  for  a  new  bicycle  re-  _ _ 

quir^  a  blind  fastener  which  ••  ~  -j-> 

would  serve  as  a  nutplate  for 

attaching  a  mudguard  to  the  gfcit  ^ 

tubular  frame.  The  head  of 

the  rivet  had  to  conform  to  j[v — 

the  curvature  of  the  tubing.  Ij _ 

A  standard  flat  head  Rivnut  '  ”  ” 

solved  the  problem. 

First,  the  correct  radius  was  ground  into  the  anvil  of  a 
standard  heading  tool.  Guide  "A”  was  added  to  insure 
correct  curvature.  The  heading  tool  then  formed  the  ring- 
shaped  bulge  and  curved  head  of  the  Rivnut  at  the  same 
time!  With  its  threads  still  intact,  the  Rivnut  now  provided 
a  deeply-threaded  nut  plate  for  the  mudguard  attachment. 

Perhaps  Rivnuts  wil*  simplify  your  fastenings,  reduce  your 
costs.  Why  not  consult  a  B.  F.  Goodrich  Rivnut  engineer? 


Sunspot  Predicting 
Service 

A  NEWLY  developed  method  for  pre¬ 
dicting  sunspots  affecting  radio 
communication  has  been  developed 
by  scientists  at  the  National  Bureau 
of  Standards  in  connection  with  its 
program  for  forecasting  radio 
weather  three  months  in  advance. 
These  predictions  enable  radio  engi¬ 
neers  to  calculate  the  best  usable 
frequencies  for  communication  be¬ 
tween  any  two  points  in  the  world 
for  any  hour  of  the  day. 

The  method  of  prediction  utilizes 
available  information  on  previous 
eleven-year  sunspot  cycles.  No  two 
cycles  are  ever  exactly  alike  but 
an  average  cycle  can  be  determined. 
The  next  step  is  to  average  the  de¬ 
viations  of  various  parts  of  each 
cycle  from  the  average  or  ideal  cy¬ 
cle,  to  obtain  a  correction  factor 
which  is  then  applied  to  predictions 
of  future  values  in  the  present 
cycle. 

The  basic  information  on  annual 
sunspot  numbers  is  obtained  from 
the  Zurich,  Switzerland,  Observa¬ 
tory  which  has  been  maintaining 
continuous  records  on  all  types  of 
solar  activity  since  1849.  In  addi¬ 
tion  to  this,  daily  soundings  of  the 
ionosphere  occur  all  over  the  world 
at  the  international  network  of  58 
ionosphere  stations,  which  jnclude 
7  Bureau  field  installations,  cooper¬ 
ating  universities,  and  foreign  re¬ 
search  institutions.  These  daily 
soundings  measure  the  critical  fre¬ 
quencies  (the  highest  frequency 
that  will  be  reflected  back  to  the 
earth),  absorption  of  radio  energy 


Eccentric,  tension,  sinsle  and  double  shear 
load  capacities  of  various  Rivnuts  are 
listed  in  the  new,  40-pase  edition.  Tjrpes, 
sizes  and  uses  are  also  siven.  Fully  illus¬ 
trated,  inclndins  step-by-step  drawincs  of 
Rivnut  instaUation.  Write  for  your  copy  to 


RE  Goodrich  dpt.  E-77,  akron,  omo 


A  substantial  improvement  over  existing  types  of 
mechanical  latch  electrical  reset  relays. 

•  Porfoctly  balanced  armature  OTHER  NEW  SIGMA  REUYS 

•  Unaffected  by  very  severe  vi-  •  Multicontact  sensitive  relays, 

bration  and  shock  A.C.  and  D.C. 

•  Exceptional  mechanical  life;  •  Polarized  relays  including  bal- 

latching  entirely  unaffected  by  anced  armature  3  position  (null 

wear  holding)  differential  types  with 

•  8  separate  contact  positions  positive  detent  null  or  center, 

available  in  any  combination  of 
Normally  Open  or  Normally 
Closed  circuits  (Two  N,0.,  Two 
N.C.,  —  double  break  shown 
above. ) 

•  Nominal  rating  per  contact,  5 
Amps,  at  110V,  A.C.  (Modifi¬ 
able  upwards  or  downwards  in 
accordance  with  conditions  of 
use.) 


Sipa  Instruments,  m. 

RELAYS 

62  Ceyloii  St.,  Boston  21,  Mass. 
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quencies  have  also  been  allocated 
for  the  Flight  Test  Station. 

In  common  effort  with  the  CAA, 
frequencies  are  available  for  col¬ 
lecting  operational  data  as  to  the 
value  and  needs  of  new  radio  sys¬ 
tems  proposed  for  control  and  navi¬ 
gation  of  aircraft. 

Because  there  are  not  enough  fre¬ 
quencies  for  airlines  individually 
and  exclusively,  the  Commission  re¬ 
quires  a  licensee  of  any  aeronautical 
facility  to  render  service  without 
discrimination  to  all  airmen. 

For  private  communication  be¬ 
tween  individuals  aboard  planes  in 
flight  and  persons  on  the  ground, 
the  Public  Service  type  of  station 
is  provided.  By  ifse  of  a  Public 
Service  station,  persons  in  aircraft 
may  be  connected  to  the  nation¬ 
wide  land-line  telephone  system. 
Public  Service  aircraft  stations  on 
transport  planes  engaged  in  inter¬ 
continental  service  have  been  au¬ 
thorized  to  operate  experimentally 
on  the  frequencies  available  to  ship- 
telephone  and  ship-telegraph  sta¬ 
tions,  to  determine  the  feasibility 
of  handling  communications  in  the 
same  manner  as  vessels  offering 
public  service.  Should  this  prove 
successful,  aircraft  flying  trans¬ 
oceanic  routes  will  be  in  the  same 
category  as  ocean-going  ships. 


r  MUST  for  NOISE-FREE  STORE  DEMONSTRATION 
dliti^PIIRATniiF*  SIGNAL  BOOSTER 


CARRIES  AM,  FM  and  TV  ANTENNAS  ALL  ON  THE  SAME  MAST 


Increase  your  radio  tales  by  bringing  home-like  recep¬ 
tion  to  any  AM,  FM  and  TV  set  in  your  showroom  .  . . 
eliminoting  all  interference  and  bothersome  noises. 

HERE'S  HOW:  The  Purotone  Signal  Booster  System 
it  easily  installed  on  the  roof  of  your  building.  A 
shielded  coaxial  cable  runt  directly  from  the  mast 
to  the  concealed  omplifier  on  the  display  floor. 

From  the  amplifier  a  radiating  wire  it  placed  incon¬ 
spicuously  oround  the  display  space.  No  direct  wire 
connection  to  radio  sett  required.  One  system 
serves  any  number  of  floor  models.  Dual  wave  f 
traps  in  the  video-type  AM-FM  amplifier  \ 

bring  in  all  stations  at  an  average  tone-  M 
level.  30-40  DB  gain  on  FM;  40-60  DB  m 
gain  on  AM.  Effective  for  ony  radio  << 

deportment  layout.  m 

Write  for  illustrated  circular. _  ^ 


Reg.  U.  S. 
Pat.  Office 


WORLD'S  OLDEST  AND  URGEST  MANUFACTURERS  OF  RADIO  ANTENNAS  AND  ACCESSORIES 


BETTER  CONTROLS 
THROnOH 
BETTER  RELAYS 


MEETINGS 

Aug.  26-29 :  AIEE  1947  Pacific  Gen¬ 
eral  Meeting,  Hotel  San  Diego,  San 
Diego,  Calif. 

Sept.  8-12:  Second  Annual  Confer¬ 
ence  and  Exhibit  of  The  Instrument 
Society  of  America,  at  Stevens  Ho¬ 
tel,  Chicago. 

Sept.  23-25:  AIEE  Middle  Eastern 
District  Meeting,  Dayton,  Ohio. 

Sept.  26-28 :  Hudson  Division 
ARRL  Convention,  Convention  Hall, 
Asbury  Park,  N.  J.;  technical  pa¬ 
pers  and  exhibits  of  electronic 
equipment  for  radio  amateurs. 

Sept.  29-Oct.  2:  Annual  meeting. 
International  Municipal  Signal  As¬ 
sociation,  Inc.,  Pantlind  Hotel, 
Grand  Rapids,  Michigan;  technical 
papers  and  exhibits  of  police  and 
fire  radio  equipment. 

Sept.  30-Oct.  11:  National  Radio 


LEACH  MIDGET  SERIES 
lor  SPACE  ECONOMY  in 
MODERN  DESIGN 

Leach  Midget  Relays  meet  today's  demand  for  compact  de- 
sign-and  assure  positive,  dependable  control.  The  Midget 
Series  offers  a  vdde  choice  of  types,  each  so  tiny  it  weighs 
less  than  two  ounces  and  all  measure  less  than  two  inches. 

When  you  hold  a  Leach  Midget  Relay,  between  just  two 
fingers,  you  can  readily  see  the  evidence  of  manufacturing 
(Skill  and  Electrical-Engineering  design  that's  typically 
Leach.  Here,  quahty  materials  and  careful  workmanship 
challenge  comparison.  The  term  "Mighty  Midgets"  is  aptly 
suited  to  Leach  Midget  Relays. 
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Exhibition,  Olympia  Hall,  London, 
sponsored  by  British  Radio  Indus¬ 
try  Council  and  featuring  new  Brit¬ 
ish  radio,  electronic  control,  radar, 
and  television  equipment. 

Nov.  3-5 :  National  Electronics  Con¬ 
ference,  Edgewater  Beach  Hotel, 
Chicago. 

Nov.  3-7:  AIEE  Midwest  General 
Meeting,  Chicago,  Ill. 


CROSS-SEaiONAl 

VIEWS 


BUSINESS  NEWS 

Motorola  Inc.  is  the  new  corporate 
name  of  the  former  Galvin  Mfg. 
Corp.,  Chicago,  Ill.,  manufacturer 
of  home  and  car  radios,  aircraft 
radios,  television  receivers,  and 
two-way  radiotelephone  equipment. 

Litton  Engineering  Laboratories 
has  moved  into  its  new  17,000-sq-ft 
plant  on  Brittan  Avenue  in  San  Car¬ 
los,  California.  The  firm’s  primary 
function  is  electron  tube  design  and 
development.  This  includes  manu¬ 
facture  of  special  lathes,  vacuum 
pumps,  and  spot  welders  for  tube 
manufacturers. 

Selenium  Corporation  of  America 
is  now  occupying  its  new  and  mod¬ 
ern  structure  in  El  Segundo,  Cali- 


New  selenium  rectliier  and  photocell  plant 


fornia,  having  32,000  sq  ft  of  fioor 
space. 

Raytheon  Mfxs.  Co.  has  produced 
for  Compania  Radiografica  Inter- 
nacional  de  Costa  Rica  the  first 
microwave  radio  communication 
equipment  to  be  installed  in  Central 
America,  operating  on  4,000  me 
with  50-watt  c-w  type  magnetrons 
and  carrying  multiplexed  telegraph 
and  telephone  channels  operating 
simultaneously. 

American  Microphone  Co.,  for¬ 
merly  of  Los  Angeles,  is  now  mak¬ 
ing  microphones  and  phono  pickups 
in  its  new  $100,000  plant  providing 
20,000  sq  ft  of  floor  space  in  Pasa¬ 
dena. 

Canadian-Admiral  Corp.  Ltd.  has 


AMERICAN  PHENOLIC  CORPORATION 

1830  SOUTH  54TH  AVENUE  •  CHICAGO  50.  ILLINOIS 
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Five  Standard 
Slug -Tuned 
LS3  Coils  Cover 
'A  to  184  me 

For  strip  amplifierwork,  the 
compact  dH"  high  when 
mounted)  Coil  is  ideaL 
Also  for  ^ters,  Oscillators, 
Wave-Traps  or  any  purpose 
where  an  adjustable  inauct- 
ance  is  desired. 

Five  Standard  Windings  — 

1, 5, 10,30  and  60  megacycle 
coils  cover  inductance 
ranges  between  750  and 
0.065  microhenries. 

CTC  LS3  Coils  are  ea^  to 
assemble,  one  K"  hole  is  all 
you  need.  Each  unit  is  du¬ 
rably  varnished  and  sup¬ 
plied  with  required  mount¬ 
ing  hardware. 

SPECIAL  COILS 

CTC  will  custom-en^eer 
and  produce  coils  of  almost 
any  size  and  style  of  wind¬ 
ing... to  the  most  particu¬ 
lar  manufacturer’s  specifi¬ 
cations. 
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leased  space  in  Long  Branch,  On¬ 
tario  for  the  manufacture  of  Ad¬ 
miral  ladios  in  Canada. 

Corning  Glass  Works  is  adding 
to  its  Charleroi,  Pa.  plant  two  new 
buildings  to  provide  additional 
melting  capacity  and  general  floor 
space  for  enlargement  of  their  tele¬ 
vision  bulb  program.  Face  diame¬ 
ters  will  range  from  7  to  16  inches. 

St.  Louis  Microphone  Co.,  which 
r^ently  moved  into  a  new  building 
in  St.  Louis,  Missouri,  is  now  in¬ 
corporated  under  the  laws  of  the 
State  of  Missouri. 

Sound  Apparatus  Co.,  with  main 
offices  in  New  York  City,  has  opened 
its  new  plant  in  Stirling,  N.  J.  for 
the  production  of  graphic  level  re¬ 
corders  for  acoustical  and  electrical 
measurements.  The  company’s  re¬ 
search  laboratories  are  in  Milling¬ 
ton,  N.  J. 


PERSONNEL 


Turret  Lug 


Split  lug 


Oouble-end 


and 


J.  Montague  Bridgeman  now  is 
manager  of  the  electronics  division 
of  Photographic  Survey  Co.,  Ltd., 

Toronto,  Canada,  in  charge  of  op¬ 
eration  and  development  of  elec¬ 
tronic  aids  to  aerial  survey  and  ex¬ 
ploration.  He  was  formerly  direc¬ 
tor  of  electronic  development  at  |  OAROSUl  MFC.  CO.,  loc.-  285-711. 6th Brooklyn,  N.Y. 
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This  graph  shows  rr*qu«ncy  rongos 
covorod  by  aoeh  unit.  Writ#  us  lor 
your  Tull-siz*  copy. 


Recommended  as  output  level  con¬ 
trol  for  power  amplifiers,  or  as  in¬ 
put  attenuator  for  individual  loud¬ 
speakers  in  P-A  system. 

Dissipates  10  watts  at  any  setting. 
Linear  up  to  30  db.  in  10  steps, 
beginning  with  absolute  sero  and 
progressing  in  3  db.  steps  up  to 
24,  and  then  30,  followed  by  in¬ 
finity. 

Available  in  several  ohnnages  to 
meet  all  requirements.  Fibre-glass 
resistance  elements.  Single-hole 
mounting.  Only  2%"  long  by  2" 
diameter. 

^  DATA  on  request . . . 

Write  for  Bulletin  111  on  Series  CIB  Atten¬ 
uator.  If  interested  in  L-pads  and  T-pads, 
ask  for  Bulletin  102,  as  well. 


Stanley  Bracken,  who  joined 
Western  Electric  Co.  immediately 
after  graduation  in  1912,  has  been 
appointed  executive  vice-president, 
replacing  William  F.  Hosford  who 
retired  after  nearly  41  years  of 
service  with  the  company. 


The  Clorostat  Series  CIB  At¬ 
tenuator  (shown)  was  developed 
to  meet  the  need  ior  a  constant- 
impedance  attenuator  capable  of 
handling  considerable  power  with 
low  insertion  loss.  Provides  linear 
attenuation  with  ample  power¬ 
handling  capacity. 


S.  Bracken  E.  Fermi 

Enrico  Fermi,  physicist  at  the  Nu¬ 
clear  Research  Institute  in  Chicago, 
was  awarded  the  1947  Franklin 
Medal,  highest  honor  of  The  Frank¬ 
lin  Institute,  for  his  outstanding 
work  in  the  field  of  atomic  energy. 


Swager 


Terminal 

Board 


HPB 


Crystol 


^  ^  i 


Custom  Engineering  ,  . .  Stendardtietf  Designs  . . 

Gcoronfeed  Meteriali  «nd  WorkmensKi^ 
CAMBtIDGI  THEtMIONiC  CORPORATION 
437  Concord  Avenve,  Combridge  3i*  Moss. 
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Royal  Canadian  Air  Force  head¬ 
quarters  in  Ottawa. 


COAXIAL  CABLE  RELAYS 

.  for  high  frequency  switching 

Two  Sizes:  50  Watt  and  250  Watt  Capacity 
— standard  coll  operating  voltages  AC  or  DC. 


Jules  J.  Bressler,  at  one  time  chief 
engineer  of  Beltone  Sound  Systems 
Co.,  has  recently  been  appointed 
field  sales  engineer  of  Atlas  Sound 
Corporation. 


C.  P.  Ciuhwor  H.  C.  IngUs 

Charles  P.  Cushway  has  been 
elected  executive  vice-president  and 
a  director  of  Webster-Chicago  Cor¬ 
poration. 

Harry  C.  Ingles,  who  as  Major 
General  and  Chief  Signal  Officer  of 
the  U.  S.  Army  from  July  1943  to 
March  1947  was  responsible  for 
the  Army’s  world-wide  communica¬ 
tions  system,  has  been  elected  presi¬ 
dent  and  a  director  of  the  RCA  In¬ 
stitutes,  Inc. 


(%rds  actual  size) 

(t/j  actual  size) 
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KEYING  ROAYS  • 
SENSITIVE  AND 
MEDIUM  DUTY 
POWER  RELAYS 


Wilbur  F.  Clancy  has  been  pro¬ 
moted  to  assistant  transmitter  su¬ 
pervisor  of  station  WTIC,  Hart¬ 
ford,  Conn. 


Harry  F.  Mickel,  formerly  man¬ 
ager  of  RCA’s  Communications 
Equipment  Section,  recently  joined 
the  Radio  Engineering  Products 
Division  of  Raymond  Rosen  &  Co. 
as  engineering  sales  manager. 


iRA  Kamen,  formerly  director  of 
electronics  for  Conlan  Electric 
Corp.,  is  now  manager  of  the  sales 
and  installation  division  of  Intra- 
Video  Corporation  of  America,  New 
York,  N.  Y.,  and  will  supervise  in¬ 
stallation .  of  new  master  antenna 
systems  for  television. 


Joseph  H.  Gillies,  Philco  vice-pres¬ 
ident  in  charge  of  radio  production, 
was  elected  to  the  board  of  directors 
of  Philco  Corp.,  Philadelphia. 

H.  H.  Beverage,  director  of  radio 
systems  research  at  RCA  Labora¬ 
tories,  was  elected  first  vice-presi¬ 
dent  of  the  New  York  Electrical 
Society  for  the  1947-1948  term. 
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NEW  BOOKS 


Radar  Engineering 

By  Donald  G.  Fink,  Editor,  Elec¬ 
tronics.  McGraw-Hill  Book  Company, 
Inc.,  New  York  18,  New  York,  1947, 
644  pages,  $7.00. 


SOLDERING 

GUN 


Here  is  a  book  which  represents  a 
substantial  step  forward  in  bridg¬ 
ing  the  gap  between  wartime  se¬ 
crets  and  engineering  and  educa¬ 
tional  requirements  of  a  peacetime 
world.  The  author,  drawing  heavily 
upon  past  connections  with  the  MIT 
Radiation  Laboratory,  various  as¬ 
signments  as  an  expert  consultant 
for  the  Office  or  the  Secretary  of 
War,  and  experiences  with  the 
Joint  Army-Navy  Task  Force  at 
Bikini,  has  admirably  succeeded  in 
reducing  the  rather  complex  subject 
of  radar  to  straightforward  engi¬ 
neering  reading.  Throughout  all  12 
chapters,  the  reader  is  continually 
conscious  that  the  writer  is  quali¬ 
fied  in  the  subject  as  an  engineer 
and  has  excellent  talent  for  exposi¬ 
tion  and  to-the-point  explanation  of 
difficult  subjects. 

By  way  of  introduction  to  the 
subject,  an  excellent  history  of  ra¬ 
dar  is  given  starting  with  Maxwell 
and  Hertz  and  particularly  pointing 
out  the  early  work  of  the  Service 
laboratories  and  the  British  in  this 
field.  The  book  is  not  highly  mathe¬ 
matical,  although  an  understanding 
of  calculus  and  harmonic  functions 
will  be  of  considerable  assistance  to 
the  reader,  particularly  in  the  first 
half  of  the  book  which  deals  with 
radar  fundamentals.  The  second 
half  is  more  descriptive  than  mathe¬ 
matical,  and  is  generally  devoted 
to  illustrations  of  various  types  of 
radar  gear  developed  during  the 
war.  Chapter  titles  include:  Intro¬ 
duction  to  Radar  Concepts;  Princi¬ 
ples  of  Pulse  Generation  and  Trans¬ 
mission  ;  Transmission  Lines, 
Waveguides,  and  Resonant  Cavi¬ 
ties  ;  Radiators  and  Reflectors, 
Propagation,  and  Targets;  Intro¬ 
duction  to  Radar  Design ;  Basic 
Pulse  Circuits;  Basic  Radio-fre¬ 
quency  Circuits  and  Structures; 
Synchronization  Equipment  (Tim¬ 
ers) ;  Transmitters  and  Radiators; 
Receivers;  Indicators  and  Scan¬ 
ners  ;  Radio-frequency  Measure¬ 
ments  and  Test  Equipment. 

The  reviewer  considers  the  two 


100  Watts 
115  Volts 
L  60  Cycles 


806  Packer  St.,  Easton,  Pa. 

In  Conada:  Atlas  Radio  Cozp..  Ltd..  560  King  St..  N.  W..  Toronto,  Ont. 

&q>ort  Dept.:  25  Warren  St..  New  York  7.  N.  Y. 


RUGGED 

DEPENDABLE 

ACCURATE 


PANEL  INSTRUMENTS 


For  utmost  reliability  —  specify  and  depend 
upon  Biulington  Panel  Instruments.  They  ore 
desiqpied,  engineered  and  built  to  give  satis¬ 
factory  service  even  under  most  severe  appli¬ 
cations —  and  are  fully  guaranteed  for  one 
year  against  defects  in  material  or  workman¬ 
ship. 


Write  today  for  full  details. 


ELECTRONICS 


araifflE 

COPPER  OXIDE 
RECTIFIERS 


?  INSTRUMENT  RECTIFIERS 
FOR  BETTER  A.C.  SCALE 


Vacuum-processed,  gold- 
coated,  full-wave  bridge, 
Bradley  instrument  rectifi¬ 
ers  allow  more  accurate, 
determination  of  very  low 
A.C.  current.  Especially  de¬ 
signed  for  use  where  sta- 
j  bility  and  permanence  of 

)  calibration  are  important, 

"Coprox"  rectifiers  meet 
the  most  exacting  require¬ 
ments.  Yet  they  cost  no 
more  than  ordinary  recti¬ 
fiers  —  in  most  cases,  less. 

Temperature  error  is  ex¬ 
ceptionally  low  with  Brad¬ 
ley  rectifiers.  Aging  is 
practically  nil.  Shown 
above,  CX2E4F  rated  up 
to  4.5  volts  A.C.,  3  volts 
and  5  milliamperes  D.C. 


iHustrated  literature, 
available  on  request, 
^tows  more  models  of 
copper  oxide  rectifiers, 
plus  a  line  of  selenium 
rectifiers  and  photocells. 
Write  for  "The  Bradley 
Line." 


BRADLEY 


LABORATORIES,  INC 

82  Meadow  St.  New  Haven  10,  Conn. 


CYCLOHM  MOTOR  CORPORATION 

5-17  46TH  ROAD.  LONG  ISLAND  CITY  1,  N.  Y. 


>9^  ^  I  SYNCHRONOUS 

(U/c£onm  I  CAPACITOR  TYPE 
I  MOTOR 

X HIS  new  Cyclohm  29  size  has  no  equal  as  a  syn¬ 
chronous,  capacitor  type  motor  for  recording,  tape 
pulling,  facsimile  work  and  other  jobs  which  require 
a  quiet,  smooth,  vibrationless  motor.  Internal  rotor 
slots  permit  a  higher  starting  torque  and  a  quieter 
performance.  Substantial  cap  seats,  turned  in  the 
frame  and  end  caps,  ensure  perfect  rigidity,  accurate 
bearing  alignment,  uniform  air  gap,  and  a  vibration- 
free  motor.  Supplied  with  either  ball  bearings  or 
sleeve  bearings — in  ratings  of,  1/100,  1/75  and  1/50 
horsepower,  1800  r.p.m.,  115  volts,  60  cycles.  Write 
for  complete  information. 
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SMALL  PARTS 

Filcanents,  anodes,  supports,  springs, 
etc.  for  electronic  tubes.  Small  wire  and 
flat  metal  formed  parts  to  your  prints 
for  your  assemblies.  Double  pointed  pins. 
Wire  straightened  and  cut  diameter  up  to 
L4-inch..  Any  length  up  to  12  feet. 

LUXON  fishing  tackle  accessories. 
Inquiries  will  receive  prompt  attention. 


1 


ART  WmE  AND 
STAMPING  GO. 

227  High  St  Newark  2,  N.  I. 


ir  LOOK  TO 

f 

Oua/^ 

Touah,  tnue-atippin9<  eusT  to  hcmdlo!  XCELITE  MUT  DRIVERS  ate 
•naineered  tohelp  your  skilU.  Genuine  shockless  XCELITE  hradles. 
finest  steel  shafts,  precision-ground  heads.  ASK  YOUR  DEALER  to 
show  YOU  the  complete  XCELITE  line— packed  with  original  ieotures 
for  YOUR  EFFICIENCY! 

PARK  METALWARE  CO..  INC. 

y  Dept.  C  Orchard  Parh,  New  York 

Imf  PREFERRED  BY  EXPERTS 
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WE  manufacture  a  complete  line  of  equipment 

SPOT  WSLDCB8.  alcatrlfl  fima  ^  to  SO  KTA 

TRAN8FOBMEU8,  wwlol  and  ttoiidanl  itpm  „ 

INCANDESCENT  LAMP  manufaetwtna  •qulpiMOt 
FLirORBSCENT  TUBE  MAKING  EQUIPMENT  "Jg  1®®  *® 

ELBCTBONIC  EQUIPMENT,  vacouto  piUBM.  ato.  ®®® 

WET  GLASS  SLICING  and  outUnf  BiafSlDea  for  laboratory  uae 
GENERAL  GLASS  worktnc  mirSilma  and  bninera 
COLLEGE  ni-AU*  worklna  nnltt  for  iiiMlrau  and  laboratory 
EISLER  ENfilNEERINB  CO. 

7*1  So.  13th  St  (atar  A«aa  Ava.)  Ntwark.  Nmr  Janay 


This 

CONTACTS 

Section 

supplements  other  advertis¬ 
ing  in  this  issue  with  these 
additional  announcements 
of  products  essential  to 
efl&cient  and  economical  op¬ 
eration  and  maintenance. 
Make  a  habit  of  checking 
this  page,  each  issue. 

Classified  Advertising  Division 

ELECTRONICS 

330  W.  42nd  St., 

New  York  18,  N.  Y. 


FINE  RIBBONS 
.  OF 

TUNGSTEN  a«d  MOLYBDENUM 

QuoUtr  cmd  accuracT  in  onr  iabrico- 
tion  oi  Tunqatan  &  Molybdanum  Bib- 
Itona  bora  choractoriaad  our  aorriea 
to  tha  Elactronic  iaduatrr* 

4  davaiopaiaaf  a# 

H. CROSS Co. 

IS  Baakman  St..  New  Yarti7.  N.Y. 


PRINTED  TAPE 

•^for^Parts^'Markmg^ 

TOPH.IGHT  TOOL  CO. 

•tabar  VaHu  r*. 


Hljh  3pooi  Produot Ion  Of  iiunl ity 

t.  F.  Colla  and  Sub-.\s8onbllaa,<^^|| |^^ 

For  DiaorL-ilnating  ;ianufaeturara 

/jry _ _ 1  INSTRUMENT 

K^JSpp^FO’  LABORATORY. INC. 

1125  Bank  Street,  Cincinnati  14,  Ohio 


ELECTRON  TUBE 
MACHINERY 

1 

OF  ALL  TYPES 

“1 

STANDARD 
AND  SPECIAL 
DESIGN 

R 

|j| 

Wn  spocio/fzo  /n 
Equipment  and  tdathods 
for  iha  Manafactaro  of 

RADIO  TUBES 

CATHODE  RAY  TUBES 
FLUORESCENT  LAMPS 
INCANDESCENT  LAMFS 
NEON  TUBES 

PHOTO  CELLS 

X-RAY  TUBES 

GLASS  PRODUCTS 

1  Production  or  Laboratory  Basis  ^ 

MICROMETER 

FREQUENCY 

METER 


_  — for 
~  Chaekini 

Traninittan 
froai  100  Ke  to  I7S  Me. 
within  0.01  per  eant 


LAMPKIN  LABORATORIES 

Bradaatoa,  Flo.,  U.  S.  A. 


FLUXES  ' 


1^  •  SODERING 
BRAZING  &  WELDING 

A  l.l  AHEM  CO.IMC.  ( 


87SI  Bryn  Mawr  Ava. 


WE  MAKE  IT 

Any  Talue,  any  accuracy.  Resistors, 
Condensars,  Coils.  Quickly  mada  to 
order.  Nominal  cost 

PRECISE  MEASUREMENTS  CO. 

942  Kinqs  Hiqhway  Brooklyn  23,  N.  Y. 


Kahle  ENGINEERING  CO.  - 

1309  SEVENTH  STREET 
NORTH  BERGEN,  N.  J.,  U.  S.  A. 


Solve  Wire 
Stripping 
Problems  with 
"SPEEDEX" 

WIRE  STRIPPER  KIT 

Tha  faaiaat  “Syaadex”  WIra  Striyyar  eoaiplata 
with  7  Inttrehanyaabla  bladat  for  •trippias  aay 
piM  wIra  fra*  Na.  S  to  No.  30  will  be  the  handleet 
tool  la  tha  thap.  Stripe  800  to  1000  wirae  par 
haur— autf  wiraa  taa.  Jntt  prat*  tha  handia  aad 
tha  Jab  I*  doaa.  For  ata  with  talid  ar  itrandad 
wirat.  Writa  today  for  catalas  of  3.000  elee. 
troaie  predaete. 

GENERALCEMENTmfg  CO. 

ROCKFORD.  ILLINOIS.  U.  S.  A. 


NCSTANTAMtOM 

PLAV-BACK 


i  ttPtOOtfCtt  CO..MC  BU  •ROAOWAT.N.TJ 


Sp«ciolliiag 

\m  High  Voltag#  Filament  aed  Ploet 
Transformers  for  Eleefronic  Frofects 


ENGINEERING  WORKS! 

6021  COllEGC  *vfNUf  •  OaHAND  n  CAUtOHNull 
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NEWEST 


LITTELFUSE  Extractor  Posts 

make  mounting  and  changing  fuses  E-A-S-Y! 


lOOKS  (CMrtliMcd) 

chapters  devoted  to  radio-frequency 
fundamentals  the  best  easy-reading 
presentation  he  has  yet.  seen  on  the 
subject,  for  in  these  chapters  the 
author  lucidly  establishes  a  strong 
linkage  between  prewar  radio  engi¬ 
neering  and  the  war-developed  field 
of  microwaves. 

By  way  of  general  criticism,  it  is 
unfortunate  that  most  of  the  refer¬ 
ences  are  to  Army  equipment  rather 
than  an  equal  balance  between 
Army  and  Navy.  As  the  author 
understandably  points  out,  this  dis¬ 
crimination  was  unavoidable  since 
during  the  preparation  of  the  book 
the  Navy  had  not  yet  declassified 
several  compari^le  equipments. 
This  does  not  seriously  detract 
from  the  book,  however,  since  spe¬ 
cific  references  are  introduced 
chiefly  to  bring  out  principles  of 
engineering  practice  and  design 
which  for  the  most  part  are  common 
to  the  equipments  of  all  the  Serv¬ 
ices. 

Because  of  the  wealth  of  infor¬ 
mation  contained  therein,  repre¬ 
senting  both  collected  works  and 
information  revealed  for  the  first 
time,  this  book  should  be  very  use¬ 
ful  to  anyone  studying,  teaching,  or 
engaged  in  engineering  practices 
dealing  with  radar  or  radio. 

— Habold  a.  Zahl 


Safe,  “dead  front”  Littelfuse  Extractor 
Fuse  Mounting  Posts  are  easy  to  install. 
They  save  panel  space — can  be  ganged 
in  rows  with  a  common  bus. 

Fuse  holder  is  in  end  of  removable 
knob— unscrew  it  and  fuse  is  quickly 
extracted  and  changed  with  fingers. 

Finger  and  screwdriver  operated 
types  in  SAC  and  4AC  sizes  now  are 
available. 

Catalog  number  9  gives  you  complete 
details,  write  for  yours  today. 


47*7  N.  RAVENSWOOD  AVE. 


^  '  CHICAGO  40,  U.  S.  A. 

IGNITION-FRITZ  •  NEON  INDICATORS 
•  FNSES,  MOUNTING  AND  ACCESSORIES 


NEW!  THE  CB  MODEL  182  A 

AUDIOMATIC  GENERATOR 


German  Research  in 
World  War  II 

By  Leslie  E.  Simon,  director,  BaUiatic 
Research  Laboratories,  Aberdeen 
Proving  Ground.  John  Wiley  &  Sons, 
Inc.,  New  York,  1947,  218  pages,  |4.00. 

Generalization  of  a  200-page  gov¬ 
ernment  technical  report  by  scien¬ 
tists  who  examined  German  techni¬ 
cal  establishments  immediately 
after  their  capture.  Important 
projects  are  summarized,  with 
highly  interesting  photographs  of 
new  equipment  that  received  little 
or  no  field  use. 

References  to  electronic  equip¬ 
ment,  generally  brief  and  lacking 
technical  details,  include  a  radio 
Doppler  system  for  measuring  and 
controlling  V-2  projectile  velocity, 
electronic  chronographs,  piezoelec¬ 
tric  pressure  gages  for  cannon,  and 
infrared  detectors  and  night  lights. 
A  concluding  chapter  gives  recom¬ 
mendations  for  fostering  long-term 
scientific  research. — J.M. 


Automafie  Beat  Frequency  Principle 


Th«  compUl*  ire<{uenc7 
choractvristics  crt  a  glonce 
on  your  proiont  otcillo- 
grophl 


EUminatM  hand  plotting 
ior  transiozmen,  amplUi- 
•n.  filton.  balanced  cir¬ 
cuits.  etc. 


Slow  sweep  rate  of  5  to 
8  seconds  included  for 
speaker  testing;  hand 
"cranking"  of  frequency 
dial  is  eliminated. 


Diridinq  tpeakar  network  with  400C.  crossover. 


A  REAL  TIME  SAVERl 
V7rite  for  full  description 
and  details. 


The  CLOUGH  BRENGLE  CO. 

6014  Broadway  Chicogo  40,  III. 
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Searchlight  Section 


EMPLOYMENT 


BUSINESS 


UNDISPLAYED  RATE: 

tOc  •  Him,  minimum  4  linns  to  ffgurn  advancn 
pnymnnt  count  i  avoraqa  words  as  a  llna. 
POSITIONS  WANTED  (full  or  part-tima  sal- 
ariad  Individual  amploymant  only),  abova 
ratas. 

PROPOSALS  7S  cants  a  llna  an  Insartlon. 


OPPORTUNITIES 

INFORMATION: 

lOX  NUMIERS  in  earn  of  any  of  our  Naw 
York,  Chicago  or  San  Francisco  ofRcas  count 
10  words  additional  In  undisplayad  ads. 

DISCOUNT  of  10%  If  full  payment  Is  mada 
In  advance  for  four  consacutlva  Insertions  of 
undisplayad  ads  (not  Including  proposals). 


EQUIPMENT— USED  or  RESALE 

DISPLAYED— RATE  PER  INCH 
The  advertising  rata  Is  $4.00  par  Inch  for  all 
advertising  appearing  on  other  than  a  con¬ 
tract  basis.  Contract  ratas  quoted  on  request. 

AN  ADVERTISING  INCH  Is  measured  7/0  Inch 
vaHIcally  on  one  column,  3  columns — 30  Inches 
— to  a  page.  E 


NBW  ADyCKTISihfENTS  raca/vad  by  10  A.  t4.  Julf  3rd  will  appear  In  tk»  August  Issuu,  subluct  to  limitation  of  spoce  ovo/lobfa. 


HOUSEHOLD 

RADIO 

MAHUFACTURERS 

SucoeMful  Chief  Enilneer  eaeks  larger  opportunity. 
College  graduate,  talented  set  designer  In  his  own 
light,  keen,  able  ezeoutlre. 

Comblnefe  an  acute  cost  oonadousneaa  with  full 
appreciation  of  consucter  demands.  Capable  of  da- 
yeloplng  a  complete  AM,  FM  line  for  hlgh-meed 
peofltable  production  and  public  acceptance. 
Position  of  Chief  Bngln>wr  or  Vice  Presldeent  In 
charge  of  ihiglneeiing  and  Manufacturing  Is  de¬ 
sired.  Approximately  30  days'  notice  to  present 
employer  required.  All  replies  treated  with 
strictest  oon&denoe. 

PW-34(,  Electronics 

330  West  43nd  St..  New  York  18,  N.  T. 


EMnOYMENT  SERVICES 

(Continued  from  opposite  pagetg^ 


EXECUTIVES  $3,000-826,000.  This  rallabla 
service,  established  1927,  is  geared  to  needs 
of  high  grade  men  who  seek  a  change  of  con¬ 
nection  under  conditions  assuring,  if  em¬ 
ployed,  full  protection  to  present  position, 
^nd  name  and  address  only  for  details.  Per¬ 
sonal  consultation  invited.  Jira  Thayer  Jen¬ 
nings,  Dept.  E,  109  Church  Street,  New  Haven, 
Conn. 


POSITIONS  WANTED 


ENOINEER-PHTSICIST,  40,  with  B.S.  and 
M.S.  degrees  in  E.E.  and  a  Ph.D.  degree  in 
Physics  seeks  development  engineering  posi¬ 
tion  or  one  in  teaching.  Has  fourteen  years' 
Industrial  experience  from  employments  with 
Westinghouse,  Philco,  Panama  Canal,  and 
General  Electric  in  design,  development  and 
application  of  electrical  power  and  electronic 
equipment;  and  over  five  years’  experience 
teaching  E.E.,  Radio  and  Electronics  in  day 
and  evening  schools.  PW-351,  Electronics,  830 
W.  42nd  St.,  New  York  18.  N.  T. 


COOPER  UNION  Scholarship  student,  rank¬ 
ing  third,  desires  summer  position,  electri¬ 
cal  engineering,  in  or  around  New  York  City. 
Call  President  2-5957  after  5  P.M. 


TELEVISION  DEVELOPMENT  engineer  ex¬ 
perienced  in  design  of  relay  links  studio  and 
Held  equipment  desires  position  as  chief  en¬ 
gineer  of  television  station.  PW-3S2,  Elec¬ 
tronics,  330  W.  42nd  St.,  New  York  18.  N.  Y. 


_ CONTRACT  WORK _ 

PROGRESSIVE  FIRM  of  United  Kingdom 
manufacturers  able  undertake  repetition  and 
light  assembly  work,  with  specialized  knowl¬ 
edge  in  electrical  instruments,  radio  and 
electronic  fields,  seek  a  sound  tried-out  line 
for  exclusive  manufacture  in  the  United  King¬ 
dom.  Director  of  the  firm  is  due  In  the  U.  S. 
between  May  20th  and  June  30th,  and  will 
be  ready  to  investigate  any  interesting  propo¬ 
sition  on  the  spot.  CW-S53,  Electronics,  330 
W.  42nd  St.,  New  York  18,  N.  Y. 


EXECUTIVE 
j  AVAILABLE 

j  Formerly  Viet  Pretidont  A  Chief  Enilneer  theutand 
!  employee  company  manufaeturlnp  complete  radar 
I  equipment. 

i  Desiree  connection  medium  to  small  ooneam  pene- 
ttatinp  the  Industrial  electronics  control  and  inspec¬ 
tion  field.  Salary  range  $10,000.  Immediately 
I  available. 

I  PW-343.  Electronics 

I  330  West  42nd  8t..  New  York  18.  N.  Y. 


TELEVISION  ENGINEER 
I  EXECUTIVE  ABILITY 

Desires  contact  with  organization  sharing  faith  In 
television’s  future.  Thoroughly  qualified  to  head 
aggressive  program  through  more  than  16  years 
broad  eleetronie  and  television  experience.  Wide 
acquaintanco  In  the  industry.  Age  38. 

PW-347,  Electronics 

520  North  Michigan  Are..  Chicago  11.  Ill. 


WANTED 

HECHIICE  ENGINEERS  11  DESIGNERS 

Hie  Collins  Radio  Company,  of  Cedar  Rapids,  Iowa,  has  always  been  a 
pioneering  organization — an  engineer's  engineering  and  manufacturing  concern. 
It  was  this  urge  that  has  finally  led>  us  to  be  among  the  leading  manufacturers 
of  high-quality  broadcast  equipment  and  to  meet  the  individual  requirements  of 
some  of  the  great  air  lines  with  especially  engineered  communication  equipment, 
including  the  ingenious  Collins  Autotune — the  rMult  of  research  and  develop¬ 
ment  looking  years  ahead. 

We  ore  looking  far  ahead  today  in  the  field  of  quality  of  radio  communications 
and  other  electronic  equipment.  Our  plans,  well  advanced,  offer  substantial 
opportunity  for  mechanical  design  engineers  in  a  field  of  interest,  research 
and  development.  Cedar  Rapids  is  a  human,  wholesome  city.  People  enjoy 
living  here  and  working  in  our  modem  plant,  whjch  is  neither  small  nor  large, 
but  rather  ideal. 

If  you  feel  qualified  for  one  of  these  positions,  write  us  fully,  stating  age, 
education  and  experience,  as  well  os  other  pertinent  data  you  feel  might  assist 
us  in  fully  and  promptly  coni^idering  your  application.  All  replies  will.be  held 
strictly  confidential.  Apply  to 


COLLINS  RADIO  COMPANY 


CEDAR  RAPIDS 


WANTED 

COMMUNICATIONS  ENGINEER 
OR  PHYSICIST 

Tht  National  Gaoghyaieal  Company,  Ine.  haa  an 
oponlng  on  ita  Engineoring  atafl  for  a  eommunlea- 
tiona  angineor,  or  phyaiciat  with  eleetronie  training, 
who  la  intereated  In  reaeareh  and  development. 
Projeeta  eover  all  phaaea  of  geophyaieal  work.  Thia 
poaition  la  permanent.  Salary  open.  For  additional 
detaila  addreaa 

National  Geophysical  Company,  Inc. 

Rotporcb  Laboratory 

1806  Lpmmon  Avpnup,  Dalles.  Taxos 


WANTED 

DISTRICT  OmCE  OR  SUES 
TERRITORY 

By  tpchnical  aaloa  executive  with  time 
proven  aales  ability  backed  by  practical 
experience  in  the  aale.  application  ond 
aervice  of  motora,  controla,  tronaformera, 
meters,  electronics,  variable  speed  de¬ 
vices,  switchgear,  radio,  special  ma- 
chinerT.  Salary  or  commission.  Go  any¬ 
where  but  prefer  Chicago  or  Milwaukee 
headquarters.  Now  employed  but  avail¬ 
able  in  30  days. 

PW-346,  Electronics 
330  West  42nd  St.,  New  York  18,  N.  Y. 


SALES  REPRESENTATIVE 

Covering  Connecticut,  New  York.  New  Jeraey,  Penn- 
aytvania,  Delaware,  D.  C.,  deairea  connection  with 
radio-electronic  ihanufaeturer. 

J.  J.  McCANN 

2826-1 19th  St.  College  Poiet,  N.  Y. 

FLuahing  3-8807 


naineefd 


I  Escpenenced  senior  elec- 
I  triced  cmd  mechanical  pro- 
!  Sect  engineers  needed  for 
I  responsible  positions  in  de- 
;  velopment  and  production 
I  of  A.M.,  F.M.,  television  re- 
‘  ceivers  cmd  components. 
Opportunity  for  advcmce- 
ment.  State  (qualifications  in 
application  to: 

Employment  Manager 
NORTH  AMERICAN 
PHILIPS  CO.,  Inc. 

145  Palisade  Street 
Dobbs  Parry,  New  York 


ENGINEERS 
AND/OR  PHYSICISTS 
GRADUATES 

Exgorieneed  In  microwavea  and/or  radar,  for  oatab- 
llahod  roaoarch  and  dovoloamant  laboratory.  Excel¬ 
lent  opportunitiaa.  Write: 

P-S54,  Electronics 

330  Went  42nd  St.,  New  York  18.  N.  Y. 
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Professional  Services 


CONTROLS  LABORATORIES,  INC. 
Consulting  Division 
KZCKPnONAL  FACILITIXS 

_  _ _  for _ 

BKSKARCH^  Mid  DKTKLOPiaafT 
*  KloetrleM  Mid  ItocbMiloal  ProUcna 
8PBCIA1.  PATENT  81TDATI0N8 
BMkgroond  of  o*«r  100  rowreli  srajoeU. 
PMtUI  lilt  of  MiMoeu  •vMlabto  upon  roqoMt 
M  naloo  8L  WoTOMtor  8.  Mm 


When 

time 

is 

short  .  .  . 

put  the  solution  of  your  problems 
up  to  a  specialized  Consultant 
whose  professional  card  appears 
on  this  page.  His  broad  experi¬ 
ence  may  save  you  months  of 
costly  experimentation. 

ELECTRONICS 

330  W«tt  42nd  St.,  New  York  18,  N.  Y. 


Eugene  Mittelmann,  LL,  Ph.D. 

Consulting  Engineer  &  Physicist 

Hlfh  FroqecneT  HaMliif  —  Indwtrlel  ElootxenlM 
AMilled  PkTiiet  Mid  MethwnMloi 

548  W.  WMhliiston  Bird.  Chleefo  8.  DL 

.  BtMa  toil 


ALBERT  PREISMAN 

Consulting  Engineer 

Tolortilon.  pulM  TeehnlqiiM.  TidM 
AaplUlwi.  PhMlnf  Nrtworki, 
ladnitrlal  Applleatlou 
AlBIlttod  with 

MANAQEMBNT-TBAlNINa  ASSOCIATES 
llOS-lfth  St.,  N.W.  WMhlngtoD  18,  O.  C. 


ELM  LABORATORIES 

E.BrTBON1C-MBCHANICAL 
EE8BARCH  A  DESIGN 
PfMftf  ULU  DmtUummSt  toahidt 
PETCEAME  AotoMatk  -Eadla  Profrara  Tobm. 
WtMmu  “Oortr"  DtrMtoe  liiMtr  Loop,  Soplod 
XUl  Holdor.  Boom  BoooItw  Daoleiii. 

18  Soeth  BiomIwm  Dobbo  Pony,  New  Tvk 

Phooe  Debbf  Ferry  4881 


INDUSTRIAL  DEVELOPMENT 
ENGINEERING  ASSOCIATES 

Engineering  Consultants 

Bloetnnle  Control.  Motion  Pietara  A 
Sound  Eqaipmoot 
Derolopmont — Dooicn — Modoli 
IS  B.  18Ui  St  IndlanapolU.  Ind. 


JOSEPH  RAZEK,  Ph.  D. 

Consulting  Physicist 

Boetrle  end  Moehanleel  Encinaorlnx  ProblOMO 
Inetmmanto  end  Control  Derieoa  Electronioe 

Bpaelelifti  In  Colomotry.  Spaetropbotomotiy  end 
Induitrlal  Color  Control 
Leboratory  end  Sbop  FaelUtlaa 
StI  Darby  Bead  Llaaorch,  Pa. 

Phono  Hilltop  8118 


H.  RUSSELL  BROWNELL 

Consulting  Engineer 

tpoeiolliiM  la  Meainiemanta  A  Toatlnf 
Tnetninionti  A  Toebnlquas  •  Electrical  •  Dae- 
tronio  •  Macnetie. 

Ill  Wait  4Ui  St  New  Terk  14.  N. 

Ghalaea  1-4188 


ARTHUR  J.  SANIAL 

Consulting  Engineer 

Loadipeaker  Doaim:  Derelopment:  Mfc.  Proeeeace. 
HUh  Quality  Audio  Syotema.  Announdni  8yatonia. 

Teat  and  Mcaamine  Equlimient  Dealsn. 
188-14  81  Are.  FLuahlni  9-8S74  Fluahing.  N.  T. 


PAUL  E.  GERST  CO. 

CONSDLTINO  ENQINEEB 
SpeoieKMo  M 

Doofrioel  Prodecf  Oeoiaa 
n  Maeblaery  Apparatua  A  ApplieaUeu 
B.  Appilaneaa,  Ht-Proquoneioo  Apparatua 
Bactranici,  Eadla  Coaununicatlons 
188  W.  Waekar  Dr.  Chleace  8, 


MEASUREMENT  ENGINEERING 
.  LIMITED 


Conaultanta  on  Special  Equipment  for 
meaaurements  and  production  testa,  com- 
municationa  and  audio  systems. 

61  Duke  St 

Toronto  Canada 


WINFIELD  scon  McCACHREN 

AND  ASSOCIATES 
Consulting  Radio  Engineers 
TELEVISION  SPECIALISTS 
Philadelphia: 

808B  Wlndcnsra  Are.  410  Bond  Bulldlnt 

Drezal  Hill.  Pa.  Waahington.  D.  C. 

Sunset  S537-W  District  6913 


HANSON-GORRILL-BRIAN  INC. 

Product  &  Mfg.  Development 
ELECTBICAL  -  ELECTRONIC 
HTDBAUUC  -  MECHANICAL 
Meadow  Lane  Glen  Core.  N.  T. 

Glen  Core  1911 


YARDENY  ENGINEERING  CO. 

B«note  Controls  (Wlras  and  WlreleM) 
Automatic  Derlcaa 

Beetronle  •  Deetrleal  •  Mechanical 
Oonaultation  •  Daalcnlng  •  Manufacturlat 
Licensing 

188  Chambers  Street  New  Tork.  N.  T 

Worth  1-1814.  1818 


Searchlight  Section 

•  lUSINESS  e  OPPORTUNITIES 


e  EQUIPMENT  —  USED  or  RESALE 


POSITION  VACANT 


3  Positions  Now  Open 

Location — Long  Island 
PHD — ^Theoretical  Physicist 
MSEE— Electronic  Project  Engineer 
MSME — Electro-Mechanical  Design 
Engineer 


WANTED: 

Experienced  Senior 
Project  Engineers 

for  Rosponsible  Positions 
in  tho  Dovelopment  of 

OSCILLOSCOPES 

TELEVISION 

HIGH  FREQUENCY 
EQUIPMENT 

See  Adverfisemenf  on 
Page  145 

LAVOIE  LABORATORIES 

Merganville,  N.  J. 


RESEARCH  AND  Development  Engineer  to 
take  charge  of  laboratory  and  development 
work  of  growing  medium  sized  manufacturer 
of  electrical-mechanical  products.  Preferably 
with  at  least  10  years’  experience  and  accom¬ 
plishment  with  industrial  concerns.  Fine  op¬ 
portunity  for  capable  individual  with  vision 
and  energy.  Give  resume  of  experience  and 
salary  desired  in  first  letter.  P-350,  Electronics, 
520  N.  Michigan  Ave.,  Chicago  11,  Ill. 


EMPLOYMENT  SERVICES 


Have  you  considered  the  advantages  of  a 
smaller  Company.’ 

1.  Closer  relationship  with  management. 
YOUR  abilities  more  quickly  recognized! 

2.  Diversity  of  responsibilities 
YOUR  job  has  greater  interest  1 

3.  Closer  functioning  with  all  departments 
YOU  get  greater  breadth ! 

4.  Expanding  process  is  dynamic 

YOU  get  more  opportunities  at  the  top! 

5.  No  complex  wage  structure 
YOUR  salary  determined  by  ability! 

If  you  are  alert  to  progress,  we  would  be 
glad  to  receive  your  resume  of  qualifica¬ 
tions. 

F-S4ft,  Electronics 

330  West  42nd  St..  New  York  18.  N.  T. 


SALARIED  POSITIONS  |2.500-$25.000.  This 
thoroughly  organized  confldential  service  of 
37  years  recognized  standing  and  reputation 
carries  on  preliminary  negotiations  for  super¬ 
visory,  technical  and  executive  positions  of  the 
calibre  indicated,  through  a  procedure  individ¬ 
ualized  to  each  client’s  requirements.  Retain¬ 
ing  fee  protected  by  refund  provision.  Identity 
covered  and  present  position  protected.  Send 
only  name  and  address  for  details.  R.  W. 
Bixby,  Inc.,  443  Delaware  Ave.,  Buffalo  2,  N.  Y. 


ADDITIONAL 
POSITIONS  VACANT 
ADVERTISEMENTS  on  page  263 


ELECTRONICS 
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CONSTANT  VOLTAGE  STABILIZER 

General  Electric 

/ 


Cat.  #S>  O  30162  Type  #Ca  301262. 

INPUT  from  103  to  127  volte  at 
c.p.a 

OUTPUT  voltage  tape  for  110,  116,  110 


I 

67  63 


126  volts.  Output  voltage  under  conatant 
load  will  not  vary  more  than  tl%  at 
normal  frequency  when  the  Input  varies 
from  101  to  127  volts. 

CAPACITY  ISO  Volt  Amperes  7.7  amperes 
at  .01  Power  Factor. 

DniKNSIONS  lOH”  H.  x  16H*  W.  z 
10 14'  D.  Enclosed  In  a  gray  bake  enamel 
steel  ease.  (Ulus,  with  cover  reauved)  > 
Ship.  wt.  330  lbs.  Met  wt.  ISO  Iba 


NIT 

fob.  N.  T. 


$595 


Q. 


VARIABLE  RHEOSTAT 

WARD  LEONARD 


20  Ohms  4.06  Amperes  S*  Class,  complete 
with  handle  and  all  accessories  for 
rear  of  board  mounting.  Can  also  be 
used  for  front  of  board  mounting. 

SOO  Units  in  Stock 
Special  Prices  on  Large  Quantities 

Misimsm  Order  S095  lock 
10  Heces  at  A  fob  N.  Y. 


STEP  DOWN  TRANSFORMER 

PRIMARY— 116  volt  60  cycle 
SECONDARY — 20  volts  at  10  Amperes 
Mfg.  by  Jefferson  Electric  Co.  Type 
G.F.  Cat  ft>69 -001-166.  Mounted  In 
Watertight  box  110  Units  In  stock. 

Mislmsai  Order  $900 
10  neeee  of  fob  N.  Y, 


VIBRATOR  TRANSFORMER 
ASSEMBLY 

PRIMARY  WINDING — center  tapped  6 
volt  D.C.  at  1.6  Ampere  on  each  half 
of  winding.  Center  tap  Is  brought  out 
directly  from  primary  winding  and 
also  through  a  3.6  Millihenry  series 
choke. 

SECONDARY  WINDING — center  tapped 
360  volts  A.C.  at  30  M.A.  total.  Center 
tap  la  brought  out  directly  and  also 
through  a  5  Henry  series  choke. 

DIMENSIONS— 2%'  dla.  x  31s'  overall 
height 

United  Transformer  Co.  type  #82834. 


Mlsimam  Order 
SO  Pisces  at 


60c 


Each 

fob  N.  Y. 


FILAMENT  TRANSFORMER 

General  Electric  Cat.  #7470650 
INPUT  110  volt  60  cycle 

OUTPUT  2.5  volt  40  Ampere.  100  K.V.A. 
3  K.V.  Insulation 
600  In  stock 


Mlsimam  Order 
10  Pieces  of 


175 


Each 

fob  N.  Y. 


PANEL  METER 


Weston,  301  Type  21  Standard  Decibel 
Meter,  314",  rd  fl  bake  case,  — 10  to 
-i-6,  6  M.W.,  600  ohms;  General  purpose 
type  0.5— 0.7  Second  to  final  reading, 
46—62%  overthrow,  600  ohms  Internal 

resistance  at  ODB . $8.50 

J.B.T.,  30-F,  Dual  Range  Frequency 

Meter  covers  frequency  ranges  from  48 
to  52  cycles  and  68  to  62  cycles:  Dual 
element,  vibrating  reed  type,  116  volt. 

3V4'.  rd  fl  metal  case . $6.06 

Voltage  Polarity  Phase  Rotation  Teeter, 
Triplett  837  AVP,  Checks  116,  SOO. 
and  440  line  voltage;  Locates  open  clr-~ 
cults,  blown  fuses,  damaged  wiring, 
etc.;  Indicates  whether  A.C.  or  D.C. 
and  polarity  of  D.C.;  Checks  phase 
rotation  to  determine  direction  of 
rotation  of  motors,  operation  of  con¬ 
trols,  etc.;  Consists  of  a  8'  square 
meter  and  -  a  small  polarised  vane 
movement  In  a  small  handy  sised  case. 
Complete  with  36'  leads  with  test 

prods . ' . $$.60 

G.E.,  8KT8,  Running  Time  Meter,  116  V, 
60  cycle,  totals  up  to  89,998  hrs.  Gray 
sc,  3',  sq  fl  bake  case . $4.$& 


f 

TOTALIZER  >1 

■ 

total  tiCu,  V 

p  1 

LyHit'Ot  BSi  mCT  RUMCS  / 

'.5  ^  'Jtt  ftmumSA  W  /  j 

Time  Totallser  Indicates  up  to  9,999.9 
hours  for  60  or  60  cycle  operation  on 
105  to  130  volts.  Black  scale  87  rd  fl 
bakelite  case,  clamp  mounted.  Made 
by  Industrial  Timer  Corp.  (Illustrated) 

$4.00 

G.E.,  DO-41.  30  MA.  3%'.  rd  fl  bake 

case  . $SAO 

G.E..  DO-41,  80  M.A.,  D.C.,  8%',  rd  fl 

bake  case  . $S.Z6 

G.E..  DO-41.  200  MA  D.C.,  8%',  rd  fl 

bake  case  . $3.86 

Simpson,  26,  1  MA,  D.C.,  3%',  rd  fl  bake 


caoe  . 

..$3.96 

Sun  3AP259, 

1 

MA, 

D.C., 

2%', 

rd  fl 

bake  case 

e  a  e 

..$3.60 

Trtplett  0321, 

1 

M.A., 

,  D.C. 

.  2%', 

,  rd  fl 

bake  case 

.  .$3.96 

Weeton  SOS, 

i.s 

MA, 

D.C., 

2%'. 

rd  fl 

bake  cpse  . 

..92-95 

Dodor  Amsco 

310.  1 

MA, 

D.C.. 

sc  cal 

0-4  K.V.  sc.  3V4',  rd  fl  bake  case,  supp 
with  V.O.M.A.  sc  and  circuit  dia¬ 
gram  . $S.$5 

Weston,  301,  500  V,  D.C.,  1000  ohms  oer 

volt,  3V4',  rd  fl  metal  case  . $$A0 

WJl..  NX-36,  200  V.  D.C.,  200  ohms  per 
volt,  mounted  on  45*  metal  angle 

panel  with  binding  posts . $4.06 

WJI.,  NX-35,  1.6  KV  with  1000  ohms  per 
volt,  ext  prec  wire  wound  resistor  A 
mtg  clips,  3%',  rd  fl  bake  case.. $$.$6 
G.E.,  DO-^S,  600  microampere  mvt  D.C., 
sc  cal  0-16  KV,  supp  with  paper 
V.O.M.A.  sc,  3%',  sq  fl  bake  case  $4JiO 
Triplett,  100  ua  mvt,  950  ohms  resist, 
made  for  666-SC  Analyser;  so  cal  in 
Volts,  MA,  and  Ohms,  8%',  sq  fl  bake 

case  . $$.$6 

Tiinmph,  400  microampere  mvt  D.C..  ap¬ 
prox  500  ohms  resist,  sc  cal  0-8,  0-16 
and  60  V  MA,  4',  Rect  fl  bake  case. 

Knife  edge  pointer  . $6.60 

W.H.,  NT-83.  260  MA.  black  sc,  sc  cal 

0-6,  mkd  “Antennae  Current*',  2%',  rd 
11  bake  case.  Radio  Frequency  Milliam- 

meter  . $S.60 

W.H..  NT-36,  8  A.  R.F..  3%'.  rd  fl  bake 

case  . $6.60 

G.E..  DW-44,  1  A,  R.F.,  2%',  rd  fl  bake 

case  . $3.60 

G-^,  DW-6S,  1.5  A,  R.F.,  black  scaie, 

W',  rd  fl  metal  case . ^.06 

W.H..  NA-25.  16  V,  A.C.,  (100  MA)  3 >4'. 

rd  fl  bake  case  . $3.95 

WA,  NA-35,  160  V.  A.C.  (10  MA)  3V4”. 

rd  fl  bake  case . $5J10 

Burlington.  32  XA,  150  V.  A.C.,  8',  sq  fl 

bake  case  . $4.60 

Roller  Smith,  Tyi>e  TAS,  8  A.  A.C.,  8%'. 
rd  fl  bake  case  . $4J10 


All  itoms  art  Sarplus  —  New  —  Guaranteed 
Prices  are  F.  O.  B.,  N.  Y. — 25%  deposit  required  on  C.  O.  C.*s.  Orders  occepted 
from  rated  concerns  on  open  account. 

MARITIME  SWITCHBOARD 

338  Canal  Street  ...  Worth  4-8217  ...  New  York  13,  New  York 
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BELGIUM 

American  Firms  desirous  to  extend  their  activity  \ 
to  Belgium,  ore  invited  to  contact  with 

SCX:iETE  INDUSTRIELLE  ALFA 

80,  ru«  de  la  Senna 

BRUSSELS 


Old»gt  importer  of  Americaa  rodio,  oloctrleol  and 
•iectronJe  moterioL 


Typ*  SO-I  Radar  Antanna  auambllai;  brand 
naw  In  oriqlnal* caiat.  FurnUhad  complata 
with  110  volt  A.C.  60  cycia  powar  supply  unit 
for  2  rpm  rotation. 

$80.00  f.  o.  b.  Taekohoa.  N.  Y. 

ELECTEONICRAFT.  INC..  Radar  Olv. 
S  Wavariy  Ploea  Taekohoa.  M.  Y. 

fkoaa,  Taefcobaa  3-0044 


MICROWAVES 

Surplus  teat  equipment  and  mlsc.  oomponents  for 
mlcrowara  frequenelea.  A  few  of  the  S  oentimeter 
romponenta  are  Uated  below.  All  an  new.  aUver- 
plated  and  are  standard  lab.  test  componenta  In 
I'zH'  sraveeulde.  Choke-flange  connectors  are 
standard  square  type. 

Horn  Aatsnaa;  AT-68/UP/UO-S5/U  Jack..$  .75 

Bulkhead  Conaeetar:  4  In.  Long .  5.00 

90°  Elbow;  B  Plane;  l\k*  Badlus;  4  In .  5.00 

90*  Elbow;  H  Plane;  1)6' Badius;  4  In. .  5.00 

90°  Tw<st;  <  Inches  Long .  7.00 

45*  Twist;  •  Inches  Long . 5.00 

PreMUriisd  Unit;  4'  Long;  Valve  A  Meter. . .  9.00 
Crystal  Meant;  Broad-banded:  VSWR  of  l.I 

mas.  over  bSOO  to  MOO  megacycles . 20.00 

Directional  oaaplor:  SI  Db. ;  9  In.  long  Part 

of  AM/CPN-9;  Oovt.  Inqt^ed .  20.00 

Wavetuldo  eana.;  Flange;  UO-39/U  IS  for  5.00 
Wavoaulda  conn.;  CSwke;  na-40/U  IS  for  7.00 

Wavetaide  eann.;  UO-51AJ:  Flange . 75 

Wavefaida  eonn.;  UO-SS/U:  Choke .  1.00 

Flexible  wavetaide;  O';  gold-plated;  rubber 

covered;  UO-S9/U  flange  conns .  4.50 

Duolexor  unit:  coupling  for  TR;  ATR  is  at¬ 
tached;  flex,  waveguide  in  and  out .  9.00 

Stralfbt  sections:  O'  long;  may  be  obtained 

with  any  eranb.  of  connectors .  4.50 

Wavetaide;  BG-5S/U:  )4'xl:  10  ft.  lengths; 

per  foot . SO 

Wavetuldo;  RO-siU:  )6'xl)4':  10  ft. 

lengths;  pet  foot . 60 

Connectors;  0O-S1;  UO-SS:  UO-24;  UG-ST; 
UO-SO;  DO-58:  DO-lOS;  UO-IUS;  each...  .75 

ALSO  AVAILABLE:  Slotted  lines,  terminations 
signal  generalore.  tubes,  adapters,  attenuators  "T” 
sections:  rotating  joints,  wavemeters.  tube  mounts, 
magnets,  thermistor  mounts,  etc. 

10  CENTIMETER:  All  test  components;  rigid  co¬ 
axial  lines;  waveguides;  tubes:  antennas. 

MICROWAVE  EQUIPMENT  CO. 

57  Elmwood  Rd.  Vorono,  N.  J. 

All  merehandiM  guaranteed.  All  grioet  F.Q.B. 
Verona,  N.  J.  Send  Money  Order  or  Cheek.  OrOert 
accepted  from  rated  eoneemt  on  open  account  net 
10  days.  Send  for  catalog  and  supplementary  lists. 
New  material  each  week. 


REMOTE  INDICATION 
and  CONTROL 

Ample  stock  of  synchros 
tSelsyns  &  Autosyns)  and  low* 
inertia  servo  motors. 

Alto  eomplofo  dosign  and  fabrica¬ 
tion  of  sorvo  ampllfiors  aad  syt#*MS. 

SERVO-TEK  PRODUCTS  CO. 
247  CROOKS  AVE.  CLIFTON.  N.  J. 


IN  STOCK 

For  Immediate  Delivery 

16000  M359  right  angle  adapter*  (Amphunol 
U-IAP) 

3000  S0239  UHF  connectors  (Amphenol 
83-1 R) 

1000  Ue2  66U  UHF  connoctors  (HH  Buggig 
8199)  prouurizod 

2000  UG86U  connoctors,  prossurizpd,  gold 
plated 

13500  Chassis  connoctors  5  pin,  Monowatt 
AN3I02-I4S-5P 

18300  Chauls  connactors  4  pin,  Ampbanol 
I4S-2F 

1000  Wastinghousa  typa  NX-35,  0-350  voHs, 
dc  maftrs,  F.S.  0.1  ma,  P/i"  bakallta 
casa 

1000  Marion  saalad  matars,  typa  HM3, 
lOO-O-lOO  ma,  F.S,  l-O-l  ma,  3W'  baka. 
Ilta  casa 

1000  Coppar  oxida  ractitiars,  40  ma  150  volts 

5000  Coppar  oxida  ractitiars,  I  ma  45  volts 

1200  UG245U  connactors 

35000  PL259  or  Amphenol  83-ISP  UHF  Con¬ 
nectors 

2000  Sprague  Vitamin  Q  Capacitors,  2  x  .075, 
8000  WVDC 

1200  G.E.  Pyranol  Capacitors,  .1  .1  mfd,  7000 
WVDC 

Electro  Impulse  Laboratory 

Box  250,  Red  BaRk.  N.  J. 


ELECTRONIC  SURPLUS 

General  Radio  Variable  Inductors 

107M  iVi  to  55  Mh . $34.95 

OIL  FILLED  CONDENSERS 

Westinghouse,  8  MFD  600  V  DC.. .  2.29 
Micamold,  2.5-2.5-5  MFD,  600  V 

. .  epaeee  1  99 

Sprague'  "mFD’ "  *600  "v  "dC  4199 

G.  £.  Pyranol,  4  MFD,  1000  V  DC  1.89 
Industrial  Condenser,  8  MFD,  1000 

V  DC .  2.29 

Aerovox,  8-8  MFD,  1000  V  DC _ 2.99 

Aerovox,  2  MF1^2500  V  DC . 3.89 

Aerovox,  .05  MFD,  7500  V  DC _ 3.29 

Aerovox  Mica  .002  MFD,  6000  V 

DC  Working .  3.49 

Solar  Mica.  .0002  MFD,  5000  V  DC 

Working  . .  2.49 

Power  Rheostats' 25  and  50  Watt 

Six  Different  Sizes  for . 2.95 

Microswitches  Assorted  Types.  .3  for  .99 

Weston  Type  205P  0-60  Ammeters 

E>C  Ext  Shunt  Ind.  2V2''  dig . 2.95 

Westinghouse  0-240  Ammeters  DC 

Ext  Shunt  Incl.  2V»'  dia . 2.95 

WE  WIU  SHIP  e.  O.  D. 

THE  HEATH  COMPANY 

BENTON  HARBOR.  MICHIGAN 


EE-8  B  I 

ARMY  SIGNAL  CORPS  . 
FIELD  TELEPHONE  ! 

Portcdsla  Said  tutlL  complata  with  hemdaats, 
fully  aqulppad  with  riagar.  coils,  con-  ( 
dansar.  ganarortor  and  croak,  can  bo  usad 
on  C  B  liaaa.  Various  Manuiacturas. 
Rogulor  888.50  valua.  OUR  PRICE:  With¬ 
out  carrying  cosos  810.50  aoch  UNUSED. 
With  caavaa  corryiag  coaa,  817.50  00. 
UNUSED. 

IMMEDIATE  DEUVEBT 

MASFETH  TELEPHONE  &  RADIO  j 
CORPORATION 

427  Flatbush  Ava.  Extension  Breoklyn  I.  N.  Y. 
Teloehen*  NEvias  8-57M 


Complete 

RADAR  EQUIPMENTS 

Two  O.E.  model  8Q  sets  new  in  original  portable 
oairylng  cases  500  Ibu.  90-150  V.  M  Cycle  A.C.. 
S20  Watts.  Choice  A.  B  or  P.P.L  PreMntatlao 
300  yards  min.  range,  max.  3,  15.  45  mileol  10  cm. 
Idesd  for  schools,  laboratorleB.  small  boats.  In- 
qulriea  Invited. 

ELECTRON  I  CRAFT.  INC.,  Tachokoa,  N.  Y. 


SHEET  METAL  MACHINERY 

NEW  and  Usad  —  Rrokat  —  Shaers 
Perming  Rolls  —  Poldars  —  Paackas  — 
Di*Acro,  Paste,  Niagara  R  Whitoey  Rqolp- 


B.  D.  BROOKS  COn  INC. 

Han.  5225 

351  Atlantic  Ava.,  Boalaa,  Mass. 


DsCs  POWER  SUPPLY  UNITS 

1500  V. — 5  ames.  RaasenaUy  priesd.  Slightly 
Bssd.  Comjlste  with  transfermsrs.  tubes.  Gansral 
Radio  «50B  variae,  switches,  mstsrs,  eontrols,  ote.  ■ 
Fsr  farthsr  Intormatien  eentaet:  | 

AMERICAN  ELECTRICAL  SALES  CO. 

67  E.  8th  St.  Naw  York,  N.  Y. 


R.  C.  A.  TYPE  2050 
THYRATRON  TUBE 

Immadiota  ahipmanl  sub]  act  to  prior  sale 
at  855.00  per  hundred.  Original  packag¬ 
ing— Guaranteed  perfect. 

BARRY  &  DROWN 

137  Mein  St.  Buffalo  3.  New  York 


WANTED 

New  or  tised  radio  laboratory  testing  and 
meoaurino  equipment  oi  standard  monn- 
iochtre.  will  buy  individual  units  or  com¬ 
plete  laboratory  set-ups. 

ELECTRONICRAFT,  INC. 

Purchasing  Deet. 

5  WAVERLY  PLACE  TUCKAHOE,  N.  Y. 
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SEARCHLIGHT  SECTION 


COMPLETE  RADAR  SETS 

MM'IDCM.  tURFACC  SEARCH  4.  SO  uul  M  mile  nBi«:  BAnbmi.  S90  KW  pMk  pomr  lapiit 
to  Snr  BA  netroa.  Comnleto  let  Including:  ipAre  pAtti.  tnbM.  guklM  And  fittings. 
SOiS-IOENTICAL  TO  8M.  Coaplete  set.  UMd.  CondBi  of;  truBAlttB  And  noAtrw,  PPI  ioi>  modn- 
lAtor,  motor  AltemAtor.  rectifier,  power  unit  And  new  rotiAlag  -~tT~ — 

8N  RA0AR>6E.  low  power,  S  iM  U  mile  rAages.  Ciei  01/444  as  pulMd  eoetllAtor.  S'  “A**  leopA, 
“8**  bAnd.  Bxtreor^  oompAot:  IdeAl  for  denonstrAtlon  And  UborAturr  work.  IISV  60C  operatloo. 


RELIANCE 

OFFERS  FOR  SALE 


mOH  VOLTAGE  POWER  TRAMSFOBMER— 
WoAtiaqhouAA  U.8J(.  Ttpa  Mo.  CAY> 
30741-A,  oU  miAd  pri.  Volts  lOS-1 15-125. 
54  to  66  crclo.  Socondarp  16.000  V  at  15 
mils;  15.000  V  at  20  mils;  2V^  V  at  5A. 
$50.00. 

CERAMIC  CONDENSERS.  oU  500  Tolts 
3.44  mml  56  mmi  62  atml 

4.7  mmi  62  mmi  150  auni 

50.0  wimt  *  $3  mml  220  aimi 

$6J>0  psr  huadrsd 
Also  othor  ToluAs  in  stock 

POSTAGE  STAMP  MICAS 

.01  mid  300  V 
.002  mid  500  V 
.0012  aiid  300  V 
.001  aiid  500  V 
<  $4.00  por  huadrsd 

HIGH  VOLTAGE  BLOCKING  MICA  CON¬ 
DENSERS— Faradoa  UG2373.  .02  mid. 
4000  psok  working  wolts,  UA.-IOOO  ke. 
35A-300  kc,  20AToO  kc.  S6i)0 
AsroTox  1660-305.  J)0015  mid.  10,000 
Tolts.  6A-3000  kc.  4A-1000  kc.  1.6A400  kc. 
$340 

SEISYN  DIFFERENTIAL  MOTOR— Ussd  as 
a  dompsasr  oad  also  Ladicatss  diiisr- 
•taes  bstwssn  a  pair  oi  Sslsyas.  Con 
Jw  conwsrtsd  ia  10  miaulss  to  irss  run- 
aiag  motor  3600  RJPJC.  at  approx.  1/70 
H.P.  Packed  ior  owsrsoos.  ConTsrsion 
shoots  supplied.  115  V,  A.C.  60  cy. 
$1.75  each 

SELSYN  MOTORS  ior  remote  control — la 
original  goTomment  sealed  pacdcoges, 
115  V/  A.C..  60  cr.  $645  pair. 

NEW  STEEL  JUNCTION  BOX— watertight, 
14  ga.  steel  17"  x  25"  x  6V{|".  brass 
screw  type  hinges  oa  lid.  Weight  per 
box.  54  lbs.  $2.75  eodi. 

MICRO-CUPOUNE  WAX.  dork  amber, 
melting  temp.  165  *F,  similar  to  "Zercon 
A"-Sinclair.  104  Ib.  blocks.  $.03Vi  lb. 

ALLEN  HEAD  SET  SCREWS 
Sixes  ia  Slock 

2/56  -  1/16"  6/32  •  1/6" 

4/40  •  1/6"  6/32  -  3/16" 

4/40  -  3/16"  6/32  .  1/6" 

4/40  -  1/4"  6/32  -  3/16" 

6/32  -  1/4" 

All  sixes  $15.00  per  thousand. 

TJBJC.  TRANSMITTER  NEW  $400.00 
(Less  tubes  and  power  supply) 

HEAVY  CARDBOARD  TUBE  with  aMlol 
ends — suitable  ior  mailing  tube,  2"  1J>. 
Inside  length  6".  $5.00  per  hundred, 
$40.00  per  thousand. 

10,000  FAFNIR  33K5  BALL  BEARINGS  3/16" 
hole,  1/2"  O.D..  $45  each. 

MICRO  SWITCH — Push  butttoa  type,  nor¬ 
mally  open  circuit.  $.45  each.  10  iot 
$4.00. 

ACORN  TUBE  SOCKET— ceramic— ior  654 
and  955  tubes,  $.14  each. 

VARIABLE  CERAMIC  CAPACITOR— Cea- 
tralab  20  mmi  to  125  aunL  $340  per 
dosea,  $25.00  per  hundred. 

CHROMALUX  STRIP-HEATER  115  V.  750  W, 
semi-circular  20"  x  IMi".  $1.00 

RESISTOR— IRC,  wire  wound.  200  W,  2000 
ohm,  $.60. 

G.  E.  MOTOR  1/6  H.P.  250  V.  D.C.  on 
armature  $16.O0 

Minimum  order  $3.00,  F.O.B.  Philadelphio. 


REASONABLE  PRICES 


10  CENTIMETER 

Bind  Losd  (Dubbt  Anunns)  wsfe  gntdi 
Kotlon  with  eooUag  fins,  spp  S3*  high... 626.00 
Were  Quids  to  oosx  with  fisnge.  gold  plstad 

spD  10*  high  .  1740 

B10a  Coax  Dirsotlonsl  Couplsr  CU-90/UP 
SO  DB  drop,  hss  short  right  sngle.  About 

g»  .  54M 

Stsadlv  Wats  Drta^r  ritfd  oosx  U  oluu.  5.00 
Coax  BotAry  Joint  with  mounting  pUto....  6.00 
Antmns  in  lueiu  bsU.  for  use  with  pata- 

boho  . i.OO 

Floxlblo  OoaxIaI  Caaneetor.  rigid  ooax  to 

rigid  OOAX  T/8"  dtsm . 240 

3  CENTIMETER 

T  Sections  . $  946 

Wire  Quids  BoMloiu  KS'  long,  sllwr  plst^ 

with  flADgG  . . . . .  BeTB 

Wats  Quids  00  deg.  b«ul  ■  plsne  18*  long  4.00 
Wats  Quids  OO  deg.  bead  B  rtsne  with  SODB 

dlreotionsl  eouder  .  4.75 

Wsre  Quids  18*  long  "B"  ourre .  2.00 

Feedback  Dipole  Antenna,  ebook  liu>ut, 

(used  with  pArabolA)  .  4.50 

Botsry  loint  ware  gulds  ia/out  choke  to 

choke  iolnt  .  6.00 

Rotary  Coupler  choke  tnput:  round  'guide 

output  .  545 

B-Curre  Ware  Quids  8^  long  oorer  to  choke  2.50 

Ware  Quids  S.5'  long,  sUver  plUe.  180  deg, 

btfMl  rfM*^**  tG  flOTtr  ^ .  A.M 

Duplexer  Section  using  1BS4 .  10.00 

Ware  Quids  irlth  Slotted  section  and  rouiy 

loint  .  4.00 

Ware  Quids  5'  length  per  foot .  1.50 

Pick-up  loop  with  adlustable  tuning  section, 
used  in  duplexer  .  1.50 


1.25  CENTIMETER 

Wats  Quids  Section  1*  oorer  to  oorer . 62.00 

T  Beeticn  choke  to  oorer . 4.50 

Mitred  Elbow  oorer  to  oorer . 3.00 

Mitred  Elbow  and  "B"  sections  choke  to 

oorer  . 8.50 

FlexiUe  Section  1*  long  choke  to  oboke . 6.00 

Tunable  Carlty  with  Coax  tnput  and  output  6.00 


MICROWAVE  ANTENNAS 

Relay  Systen  Para- 
b  a  1 10  rsfieeters 

aprx.  range:  SOOO 
to  eOOOMc.  Di¬ 
mensions  4.8'x3'. 

New  . 685.00 

DIpels  for  abore..  5.08 

TOY  "Jam"  Radar 
rotating  antenna, 
idem.  30  deg. 

)  beam.  IISY  AC 

drirn  New . 108.00 

60  Sarfaee  Searoh 
Radar  rotating 
antmina.  10cm. 

34*  dish,  com¬ 
plete  with  dilre 
and  sdsyn  mo¬ 
tors.  New . 80.00 

Used  . M.00 


SEND  FOR  UMOTHT  UST. 


RELAY  VARIETY 

MINIATURES 

BPDT— S4  T.  DC . 60.40 

BP8T— IS  or  S8  V.  DC.  .40 
DPDT— IS  or  SSY.  DC.  45 
8P8T— orertoad  llOV, 

380-1800  Cy . 40 

BPDT— llOV,  88  0  to 

1800  Cy .  46 

Discounts  on  Lots 
TIUPHONE  RELAYS 
BPDT— with  oorer  WE 
«DS80400  and 

D18348S  . 61.05 

DP8T— 60  VDC,  1  open 


MICROWAVE  TUBES 
MAGNETRONS 

3J31  (icm.)  . 620.00 

SJ24  (10  cm) _ 25.00 

SJSS  (lOcm.)  . 25.00 

8J38  (lOcm)  irlth 

magnet  . 37.86 

WE  700A  (L  band)  45.00 
WE  7S0BT  <8 
band)  1000  KW  20.00 


KLYSTRONS 

SKS5-7S3AB  . 

S<40  lightltouse 
tubes  . 


SPECIAL 

Maguire  Wavsmetsr— XISSOTFZ.  Son.  rentier 
drlre  dial  and  resonant  carity . 6^.00 


HIGH  VOLTAGE  COMPONENTS 

2.5  KVA  Ansrtran  Rectifier-output:  0  to 
25  KV  at  .IA,  10%  regulation,  8.6% 

ripple.  Input:  S08T.  SPH..  60  to  OOC . 

FIL.  TRANSFORMER  S9.000T  test.  PrL 
116r  Two  Sec.  6r  9  5  amp.  Raytheon....  24.50 
SANGAMO  CAPACITOR  Q-S  .OOOmf.  lOKr. 

List  687.50  . 17.50 

2  KVA  Transformer  and  dioke— 115r/50 
to  70o  input,  single  phase.  Output: 
17,OOOt  9  144  mils  Amertran.  Dimen¬ 
sions:  SOxSOxlS* . 67440 

CONDENSERS 

1  mf  1500  rde . 6  46 

.4  mf  1600  rde  . 15 

8  mf  660  ac/1000  DC .  45 

4  mf  1500  rdo  .  140 

1  mf  SOOO  rdo .  1.00 

1  mf  SOOO  rdo .  3.50 

.l-.l  mf  7000  rdo.  Q.E.  Pyr .  2.00 

1  mf  7500  rdo  .  12.50 

.85  mf  SO.OOO  rde .  17.50 

10;10;10jnf8ynrtrOHOgj_90T/60c^^jjj_j^j^^^l_^40 

Lapp  Bawl  Type  entrance  Insulator  7*  diam. 

4.5*  hlidi.  9/16*  hole . 61.48 


PULSE  TRANSFORMERS  -n  ^ 

GE  Type  K2450A.  WUl  _  p 

r  e  0  e  1  r  e  13KV,  4  .  I 

microsecond  pulse  on  . 

prL.-seoondary  do-  ^^5  b  B, 

Urers  14  KV,  Peak  OTl  ^ 

power  out  lOOKW.  .615.00^^^^^^ 
HI  VoH.  Magnetron  gHnimj  r»me^ 
Input  transformer  Rb|]HR|^H 

W.E.  #D-166173  with  VIHR^H 

cooling  fins  .  12.00  ViWR^H 

Raytheon  UX  42t8E 
— Pri.  4  KV,  1  micro-  Jf 

second  Beo.  16  KV.  16  Amps.  FU,  prL 

115V,  400  Cycle  . 

W.E.  HI  Volt  input  pulse  Transformer  #D 

169S71  . 

GE  Radar  pulse  Tformer  KS731  Diameter 

App.  11*  rertleal  cooling  fins  . 

Pulse  InpuL  line  to  magnetron  QE  K3748A.. 
Utah  Btocklng  oscillator  traniformer.  freol 
limits:  790  to  810  CPS.  3  windings,  turn 
ratio-  l:l:lu  Dimensions.  1  13/16*xl  %' 
19/3r  . 


Reliance  Merchandizing  Co 

Arch  St.  Cor.  Croskey 
Philadelphia  3,  Pa. 
Telephone  -  RIttenhouse  6-4927 


266 


Ja/y.  J9^  — ELECTRONICS 


qp  SEARCHLIGHT  SECTION 


•  NEW  GUARANTEED 


EIKCTDONMC  PARTS  • 


Thofs  A  Buy 


$024/11X340  HF  TRIODE..$l.75«...Two  for  $2.t8 

BTis'.,-  radiosonde  transmitter . 27 

II  ANDIE  TALKIE  BC«  1  chMsU  A  ColU  A 

7.t# 
16.99 


“OB” 

METER 

WEST. 

IN6 

HOUSE 

RC39 

3>A*  BAKE. 

LITE  CASE 
SQUARE 

MOOERN.  * 

ISTIC 

APPEAR. 

ANCE 

RECTIFIER 
TYPE 
RANGE 
MINUS  TEN 
PLUS  SIX 
0ECIBLE8 
CAL  FOR  Vb* 

STEEL 

PANEL 

0.0B/6MW  IN  60< 
3.79VAC  NEW  GTO. 
WARE  SPECIAL  ) 
TEN  FOR  $42.90 


y/dU  . . 

O-Sf  ll.LORCOPE  S*  KIT  TubesAPwr  Supplys, 

xrr  SILVER  A  MICA  CONDENSERS.. 90  for  $2.00 

HciT  CONTROLS  50-2MEQS  POTS . 10  for  2.90 

KIT  RESISTORS  HAIWATT  50to2Mrgohms 

100  tor  2.90 

KIT  VITREOUS  WW  RESISTORS . 20  lor  1.00 

KIT  POIVER  RHEOSTATS  25A50WATT.  .6  for  4.99 

KIT  ROTARY  SWITCHES  . 9  for  $1.79 

KIT  KNOBS  ASSTD  WITH  BUSHINGS  . 29  for  1.29 
KIT  FUSES  ASSTD  LITTLEFUSE. . .  .300*for  1.99 
KIT  MOTOR  BRUSHES . 100  ASSTD  .99 

KIT  GROMMETS  RUBBER . 100  ASSTD  $.99 


CONSISTS  OF  TWO  JAN  NEW  8MA  TUBES. 
TRANSFORMER  GARDNER  ELEC  CASED  R6V 

10  AMP.  119V/60cjrliipL  H.V.  1_;* . .  ^ 

tUnllor  to  Uluatroted  unit;  "TAB' 


Indtd  9000V  «g 

_ _  _ _  .J.r  ‘  Teotod  IBOO 

VAC  Trot;  Same  mU  ar  KENTON  T389— SOCK  .TS 
CERAMIC  JOHNSO.N  &A 

■•TAB"  SPECIAL . $.^95 

TRANSFORMER  ONLY  for  Two  866A’o . $  .99 

87SA't  COMBINATION  TRANSFORMER. 

tockeu  .  12.00 

8T8A  TRANSFORMER  119  60o9 .  6.99 


Extension  oord  hriduty  ISft  MAF  plugs . 

TBT  POWER  PACK  VIBRATOR  A  OT.  BAY 
UE  Thermostat  25Amp/290V;  ADJ  T0tolT0°F. 
SYNCHROSCOPE  SPS*  NAVY  COMPLETE, 
RM53  Remote  XMTTERATELEPH  Control.. 


KIT  SOCKETS  OCTAL  LOCTAL.  etc.. 90  fc'  $2.99 

KIT  GAP  tube  Grips  isstd . 90  Itr  $1.00 

WE  K8582£  SELENIUM  RECT  SUPPIT 
TELEPHONE  A  TELETYPE  BACK  UN!  f  $29.00 

WE  283B  Telephone  JacL  SO . 4  tsr  $1.00 

MAZDA  NE20AS1  neon  /25W  Glolamp  10  for  .79 
MAZDA  S6/CAND/I8V/6W— (XEAR  ..10  for  .7$ 
STROBOFLASU  CONDSR  SSMFD/660VAC/ 
2000WVDC  GE  PYRANOL  Four  secUon  . . .  7.99 
STROHO  TRANSF  1540r.rl820V.  115/60C  In...  4.99 
TBANSF  116V/60cPrL  I2S0TCT/868ma.  18V/ 'sA 

lAmp  . .••••••  $.99 

TRANSF  115V/60cPrl.  15000V/S5ma  Sec - 19.99 

TRANSF  119V/60oP.  800  VCT/eOma.  6.3V/4A  1.49 
118V/60e/P.lS90VCT/180iaa.e.SV/9A.9V/2A. .  7.99 

TItANSF  115V/e0c/T  KENYON  5V/118Amp  ..  7.99 
rR.S800VCT/8.TAmp.2S0.440V/60-eOe7  In....  48.00 

TRU00VCT/212ma.  II6T/6O0  In  Cased .  6.90 

TK  1300VCT/350ma.  lla/60c  In  Cased .  6.99 

640VCT  A  1540V/250ma  Cased . 2  for  8.99 


DYNAMOTOR  NEW 
HIEFF  P’MAGNET 
ALNICO  I2/24V  InptTAB 
TESTED  GTD  6V  Inpt/ 
3Ams.  sutpt  240V/ looms 
sr  I28ma  Int  duty  Rated 
900V/90ma  at  12  or  24V 
Inpt  . 


Dynametsr  12  sr  24V  Inpt.  279V/IIOma  C| 

A  I2V/3A . 

INPT  FILTERS  . 

TRANSF  2/872A  inpt  tMT/OOey.  HV  Insl....! 
TRANSF  2/866A  Inpt  220V/60cy,  HV  Insl.... 
TRANSF  2900V/12ma.  Inpt  119V/60C7,  HV... 
TRANSF  9800V/S2ma  PRl  115V/400cy-wks  on 

«0o  .  . 

AUTOTRANSF  118-230V/50-60ey/1400  WatU. 
AUTOTRANSF  115/160/170/180V/60CT  Cased 
TRANSF  INAOutpt  440/22O/U0V/50-60cy/2 

p^^  iVoori  17 /Vii/VoV/VsvHAjnp  gb"  ” ! ! 
2mfd/2000WVDC  Two  for  $4;  Smld/same.  .2  for 


AdJ-Veltaps  Inpt  taps  99-l30V/60ey.  OPTPT  1 19V 
.98Amps  ONE  HALF/1%  REGULATION.  WT2C 
lbs.  6.|/9H8'/4LS'W-0VERL0AD  PROTECTED. 
RUGGED  D8GN.  “TAB”  CIA  OC 

SPECIAL . 


2050,  2x2.  RK60/1641,  6SL7.  1X7G....E 
6SA7/614;  6B80/9S4 ;6J5M/55d ;  3A4/C. 
6H6/2for$1.25;  6AL5/81d:  5Y3GT  or  80. 

6SL7/8U/:  6C8/$19;  6F7/$19;  6K7/C 
6K8/81d;  327A/$5.989:  6AR6/$1.49a: 

lOOTH/  . 

W£717A/$1.9S;  WE70S 

VT127A@  .  . 

6AKS/90d  are  for  $4.23;  6AC7/1852 . sack  .90 

35L6.  SOLO.  SSZ5,  I28Q7.  12SH7 . 2  far  1.90 

6AG7/904  eC4/65d;  6SJ7/83d;  6J6/98d:  6J4/$1.49; 
5U4G/634;  5R4GT/$I.05;  VRlS0/75d;  CK1005/$1: 
WE307/$2  :  9002/80d;  9000/804 :VR105/7S4;6AK8. 
Two  for  $1.70;  8C8/$1  10;  3S4/$1;  0X5/094: 
5Z4/894:  1L4/$1.10:  0AB7/844;  0E5/694  ;  0F7/$1: 
12AO/$l.lO;  Tubes  gtd  exception  open  Blaments 
which  are  checked  before  shlpplnf  RR  EXP. 


CRYSTAL  5025kc/.001<4.  accy  In  OVEN . $9.99 

VACUUM  CONDENSER  100MMF/7500V .  4.96 

VACUUM  CONDENSER  60MMF/751)0V .  4.90 

VACUUM  CONDENSER  50MMF/20000V .  6.99 

COILACRY8TAL8  HANDIE  TALKIE  perset..  1.98 

IF  STRIP  30mc8/85DB  tain  Contains  8/6AK9 
A  1/6AL5  tubes  compact  2x11x2-%*  Htg. 

12mc8  band  width,  output  Jack  A  CO-AXIAL 

Input  plug.  SPECIAL .  $9.49 

SAME  STRIP  LESS  TUBES .  3.49 

TEST  SET  OSCILLATOR  TM61056  RF  SIG 
GENERATOR  15-25A180-2S0mc8. 

LABORATORY  EQUIP  115V/60cy .  99.00 

TRANSTAT  88/132V/18.2Amp/110V-IN . 29.90 

BLOWER  AIR  200cuftM  Dual  115V/60cy  LN*. $13.99 

BLOWER  AIR  lOOouftM  28VDCAAC  Inpt _  4.98 

BLOWER  AIR  SAME  OPERATES  115V/60cy.  8.99 

GE  CKT  BKR  15Amp  AC/DC  UND  LABS...  1.95 

KLIXON  60AMP  Circuit  Breaker . 49 

W.  E.  DYNAMIC  MIKE  20ft  Cable .  7.99 

WSTGHSE  RECTOX  Rectiner  FWI2V/2Amp..  3.99 
WSTGHSE  RECTOX  Rect  CT  HV  9V/.2Amp 

2  for  1.49 

ITAT  SELENIUM  RECT  SB8AV1,  FW85V/2.4 

Amp  .  6.99 

ITAT  SELENIUM  110VDC/2.6Amp. . .  5.95 

GE  INSTANTANEOUS  VOLTAGE  CONTROL 
RELAY  PJV/115V/60cy  2contact  self  reset; 

CaUb  70/85/110/i80V  9.95 

CW3  RECEIVER  NEW  COMPLETE .  13.95 

COILS  F3ACW3  WILCOX  RCVB  5.1/10mc8..  1.79 

$2  Min.  order  FOB  N.Y.C.  Add  Pottage  all  order* 
and  25%  deposit.  Vt  orth  2-7230.  Send  for  catalog  99. 
Speciallttt  in  International  Export.  School,  Collsgs 
A  Industrial  trade  Money-back  "TAB"  Guarantee. 


or  S68A/$3.95« 


COLLINS 
ART /1 3 
SPEECH 
AMPLIFIER 
COMPLETE 
INPT 


DYNAMIC  OB  CARBON  MICROPHONE  OB  LINX 
INPT:  Output  PP  class 
down — 55DB. 


..  _  _  GRIDS.  Noise  Lsrel 

_ _  INCLUDES  INPT  TRANSF.  1st 

AUDIO  to  PPGrlds  MODULATOR  TUBES.  6V9 
aldetone  adj  Audio  osc  AMP  A  Hdphons  monitoring 
Jack.  WT  5LBS.  DIM  7-%L  3%W  S-H.  *  . 
minus  tubes  A  pwr  supply.  "TAB"  S4.95 

SPECIAL  . 

WITH  TWO  6V6  A  68J7 .  7.48 


"TAB”  • 

THAT’8  A  BUT 


Dept.  7E,  Six  Church  Street^  !Vew  York  6,  I¥.  Y.,  IJ.S.A. 
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Delivery  from  Stock 

Inverters  — Holfxer-Cabot  Types  MG  I49F  and  MS  I49H; 
Pioneer-Bendix  Types  12117  and  1 2 1 23;  G.  E.  Type  5D2 1 NJ3A, 
etc. 

Synchros — Diehl  400  eyde  resolver  (sine«cosine  generator); 
G.  E.  Types  2JIMMI  and  2J5HAI;  Navy  Types  M,  A,  IG,  IF, 
5F,  5G,  5D.  5DS,  5CT.  etr,;  Pioneer  types  AY-I.  AY-KD, 
AY-I4G,  AY-54D,  etc.;  KoHsrgan  Types  775-01  and  403-02. 
Servo  Motors  — Diehl  two  |^se  60  cycle  induction  motors 
Types  FP25-3,  FPE25-II  and  FPE25-I2F;  Pioneer  Type  CK-5; 
Kollsman  two  phase  400  cycle  drag  cup  motor  Type  776-01. 
Special  — Kollsman  Remote  Indicating  Compass  System,  con¬ 
sisting  of  AN5730-2  Indicator  hnd  AN5730-3  Transmitter. 
Price  $39.50  per  system. 

Coll  ARmor;  4-2677 

SsHfo-Tck  Products  Ro.  ^cuttoi^^N! 


GENERAL  RADIO  PRECISION  WAVE-  | 
METER.  Typ*  724-A,  rang*  II  Idlo- 
cyelM  to  50  mogoeyclM,  V.T.VJiC. 
rosoncmeo  indicator,  comploto  with 
•oeooaoriM  abd  carrying  com.  new, 
packed  for  export . $200.00 

RCA  S'*  CATHODE  RAT  SCOPE  model 
HOB.  new.  packed  for  export. $135.00 

RCA  VOLTOHMYST  model  165,  new. 
pocked  for  export . $50.00 

RCA  BEAT  FREQUENCY  AUDIO  SIG¬ 
NAL  GENERATOR  model  154,  new 
$60.00 

RADIO  SET  AN/TBC-7.  16  tube,  port¬ 
able.  low  power  Receiver-Transmit¬ 
ter  two  preset  channels  In  the  range 
of  100-156  megacycles,  new.. $50.00 

GENERAL  RADIO  SIGNAL  GENER¬ 
ATOR  model  804  C.  7.5-330  mega¬ 
cycles.  1-20.000  microvolts  output, 
good  working  order . $275.00 

TUNING  UNIT  TN  54 /APR-4,  range 
2150-4000  megacycles,  for  eeorch  re¬ 
ceiver  APR-4,  consists  of  mixer  ond 
oscillator  stage  . ;$35U)0 

TUNING  UNIT  TN  19/APR-4.  range 
1000-2150  megacycles  . $35.00 

ANTENNA  CAVITY  TUNER,  port  of 
tuning  unit  TN54/APR-4.  range  2150- 
4000  megacycles,  with  diode  crystal 
mounting  . $5.00 

BUTTERFLY  TUNERS,  ronge  80-300  or 
300-1000  megacycles,  silver  plated, 
either  range  . $3.00 

W.  E.  704-A  HIGH  FREQUENCY  DIODE, 
plate  to  cathode  capacity  0.55  mfd. 
1"  X  H" . $2.00 

PULSE  INPUT  TRANSFORMER,  permal¬ 
loy  core,  50-4000  kc.  impedance  ratio 
120  to  2350  ohms.  W.  E.  D161310 

$2.80 

8D-3  RADAR  EQUIPMENT,  complete 
with  oil  accessories,  operates  on  115 
volts  60  cps,  new. 

SA-1  RADAR  TRANSMITTER  in  good 
working  order,  115  volts  60  cps 

SA-2  RADAR  TRANSMITTER  in  good 
working  order.  115  volts  60  cps 

MAST  EQUIPMENT  AB  26  CR.  for  6" 
diam.  72  ft.  Most,  consisting  of  steel 
hose  plote,  most  section  coupling 
units.  Guy  cobles  with  insulators, 
anchor  screws  etc. 


Special  Values 

Panel  &  Portable  flAeters 

D.  C.  Microammafars: 
50-100-200-500  microamps.  High 
Rasistanca  Volfmafars  Vacuum 
Thermo-Coupla  Matars  31/2"  & 
41/2"  Round  &  Racfangular 
Multlrauge  Fortablas: 
readings  from  10  microampt.  full  scale 

PrecisioB  Electrical  Instrument  Co. 

146  Grand  Street  New  York  13,  N.  Y. 


Surplus  BC-1211  and  BC-1212  Telerision 
Cam  :ras  and  Transminert  from  Army  Guided 
Missile  Program;  see  l.R.E.  June  1944. 

Surplus  7098  RCA  Television  Sweep  Gen¬ 
erators.  Just  a  few  left  at  |S50. 

Surplus  Selsyn  Generators,  Focus  Coils. 
Barometers,  Fraaiooal  HP  Motors,  Polaroid 
Filters,  AC  Voltmeters,  Tube  Testers,  Ferris 
Generators. 

nUAGE  RADIO  EQUIPMENT  CO. 

201  WEST  16  ST. 

NEW  YORK 


MOTOR  GENERATORS 


Brand  new.  Built  by  AIRe  Chalmere  to 
rigid  specificationB  of  the  U.  8.  Mavy. 

K.V.A.  eetrat  I.2S0  R.P.M.  3900 

K.W.  eutmt  I.  Ceet.  Duty  Ph.  8la|U 

P.F.  .80  CyelM  60 

Volts  Inpet  115.  O.C.  Volts  oetpet  120.  A.C. 

Anps.  Input  14  Amps,  oetpet  10.4 

Length  26";  width  llVa”s  height  13". 
Compound  accumulative  A.C.  and  D.C. 
fieldia.  Centrifugal  etorter.  Sploshprooi 
covered,  irequency  ad]  us  table  to  load, 
pltu  or  minus  five  cycles. 

Priea  $87.50 

Identical  machine,  but  230  volts  D.C.  input 

$125.00 

Prices  f.e.b.  Teckokee,  New  York 
IMkflOIATf  DEUVSKY 

ELECTRONICRAFT.  INC. 

SURPLUS  DIV. 

5  Waveriy  Place  Teekahoe  7.  New  Yerk 
PkoB#  Tackoko*  3-0044 


Operates  oe  nashligirt  batteries,  speed 
depeedieg  on  the  voltage.  Fairly  streog  oa 
6  volts,  full  power  and  speed  on  27  volts. 
Designed  to  be  used  in  bombsights.  ooto- 
motle  pilots,  etc.  250  RPM.  ^  ^ 

A  bargain  at . 


FOR  SALl 

ONE  MILLION—1 .000.000 
DUAL  MICA  CONDENSERS 

Assombled,  portiolly  cmsembled,  anoesem- 
bled,  poHa,  and  dlos  for  plotoa. 

F8-84S,  Electronics 

330  West  42nd  St..  New  York  It.  N.  T. 


HAYDON  SYNCHRONOUS  TIMING 
MOTOR 

to  operate  switches,  etc. 
can  be  hod  either  1  Rev. 

tMJjU  minete  at  this 

sKciAL 

^  FRICI 

Many  other  speeds  available  at  $4.95 


ELECTRO  IMPULSE 
LABORATORY 

BOX  250.  RED  BANK,  NEW  JERSEY 
Red  Bank  6-4247 


FOR  SALE 

One  general  radio  vaewun 
tube  bridge  model  516D,  with 
complete  set  oi  socket  adopters. 

FS-S44,  Electronics 

330  West  42nd  St.,  New  York  18,  N.  Y. 


1923 

Eiperimenters  and  Inventors  Sappfins 

64  Dey  St..  New  York  7.  N.  Y. 
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SURPLUS  BARGAINS 


WESTON  MODEL  #1 

forfabi*  O.C.  IfoltaMtor 
—  0-3/1S/150  Voltfl  — 
Trips*  Hoag*. 

Used  as  a  reference 
standard.  Accuracy  un¬ 
affected  by  wide  changes 
in  temperature. 

Accuracy:  %  of  1%.  Knife  edge  pointer — 
mirror  scale. 

Scale  length:  S.IS".  With  genuine  leather  case. 
List:  $117.13. 

Your  Cost  $57.50 
PORTABLE  VOLTMETER 

r  ^  Werflagfcoaa*  nt*l4 

^  rugged  instrument  of 
medium  accuracy.  Mag- 
netically  shielded,  bake- 
lite  case.  Mirror  Scale. 
Accuracy  ±1%.  Scale  Length:  3.2*.  Size: 
51"  X  4-r  X  1-r. 

List  Price  $46.00 

Your  Cost  $17.50 

STEEL-SIX  ROLLER  SMITH 

Portable  D.C.  Volt¬ 
meter.  0-15  Volts — 100 
Ohms  per  Volt,  Ac¬ 
curacy:  t  of  1%.  Mir¬ 
rored  scale — 5.18*  long. 
Knife  edge  pointer.  Di¬ 
mensions:  6"x6"x4". 

Your  Cost  $17.50 
STEPDOWN  TRANSFORMER 

Made  by  General  Electric. 
Heavy  duty  stepdown 
transformer,  with  consid¬ 
erable  overdesign.  Ideal 
for  rectifier  applications, 
low  voltage  heating,  general  laboratory  use, 
etc.  Open  frame  type. 

Input:  115  Volts — 60  Cycles 
Output:  15  Volu  (at  full  load) 

(  apacity:  180  V.A. 

Sire:  S-Vr"  x  *  4". 

Your  Cost  $3.75 

Qaaatity  pricM  avoilobU 


AMPERES  A.  C. 

0-3  Amps  3"  Rd.  Westinghouse  NA  35  (scale 

marked  0-120)  . $3.50 

0-5  Amps.  4"  Rd.  Weston  642  (surface  metal 

case)  .  7.95 

0-5  Amps.  4"  Sq.  Triplett  #431  (flush  bake- 
lite  case.  Scale:  0-150/300  V.)...  2.95 


MICROAMPERES  D.C. 

0-100  Microamps.  Res.:  l(X)  Ohms — 3"  Rd. 

Westinghouse  NX-35  . $7.95 

(Ideal  for  pyrometry  &  Photo-dectric  work) 
0-150  Microamps.  Res:  5(X)  Ohms — 2"  Rd. 

G,  L  DW-51  or  NX-33 . $3.75 

840-0-840  Microamps  (blank  scale)  Weston 
643 — 4"  rouncf — metal  case . $4.50 

MILLIAMPERES  D.  C. 

0-1  MiUs— 3"  Rd.  G.  E.  DO-53 . $4.75 

0-1  Mills— 3"  Rd.  Weston  301  . 6.75 

0-1  Mills — 3*  Rd.  Weston  301  scale:  0-1.5 

KV  . 5.75 

0-1  Mills — 3"  Rd.  Marion  (special  scale)  3.25 
0-1  MUls— 2*  Rd.  G.  L  DW-41  (special- 
scale)  .  U5 

0-5  Mills— 2"  Rd.  Dejur  S-210  . 2.15 

0-15  MiHs— 2"  Rd.  Weston  506  .  325 

0-500  Mills— 2"  Rd.  G.  E.  AW-41....  2.50 
I -0-1  Mills — 3"  Rd.  Western  Dectric  Surface 
(scale  100-0-100)  .  1.35 

AMPERES  D.  C. 

0-1  Amp.  3*  Rd.  Weston  301 . $5.95 

0.13  Amps — 4"  sq.  Triplett  #421....  235 

0-3  Amps  4"  sq.  Triplett  #421 . 2.95 

0-10  Amps — ^3"  Rd.  Simpson  #25....  4.95 
30-0-30  Amps  3"  Rd.  Simpson  #25 . .  435 
0-80  Amps — 2"  Rd.  Weston  #506  (charging 
Amp  caption)  (with  ext.  50  MV  shunt) 

325 

0-300  Amps  3"  Rd.  Roller-Smith  Type  TD 

(with  ext.  50  MV  shunt) .  435 

0-300  Amp.  same  as  above  (without  shunt) 

230 

0-300  Amp.  4"  Rd.  Weston  643  (flush  metal 
case)  Black  scale — ^with  ext.  shunt . .  830 
0-3(X)  Amp.  same  as  above  (without  shunt) 

6.00 

VOLTS  D.  C. 

0-10  Volts  3"  Rd.  ElectroTech  . $3.75 

0-20  Volts  3"  Rd.  Weston  506-1000  Ohms/ 

V  . 3^ 

0-50  Volts*  4"'  ’Rd.’w«ton*l«’-37  266*6hms/ 

V  .  6.00 

0-150  Volts  3"  Rd,  G.  L  D-41 . 4.75 

0-150  Volts  3"  Rd.  Weston  301-200  Ohms/ 

V.  (black  scale) . 4.95 

0-150  Volts  4"  Rd.  Weston  643  (flush  metal 
case — black  scale)  .  6.75 

VOLTS  A.  C. 

0-15  Volts— 3"  Rd.  G.  L  AO-22  (black 

scale)  . $2.95 

0-75  Volts — 4"  Weston  642  (surface  mtg) 

725 

0-150  Volts — 3"  Sq.  or  Rd.  Simpson  57  or 

55  . 6.00 

0-150  Volts— 2"  Rd.  Westh.  NA-33...  235 
0-250  Volt8--4''  Rd.  Triplett  #534-B  (sur¬ 
face  mtg — bakelite)  . 430 

0-300  Volts— 4"  Sq.  Triplett  #431  Scale: 

0-300/600  V .  430 

I  0-300  Volts-^"  Weston  642  (surface  metal 
'  case)  .  9.00 


WESTON  MODEL  785 
INDUSTRIAL  CIRCUIT  TESTER 

for  lashistrial.  Labs. 
Shops,  otc.,  27  Tree  Heal 
Jtoagos 

This  compact  sturdy  in¬ 
strument  provides  all 
the  ranges  necessary  for 
the  measurements  of 
voltages,  currents  and  resistances  in  all  types 
of  electrical  equipment,  signal  systems,  elec¬ 
tronic  maintenance  and  production  testing. 

Ranges  of  Measurements: 

D.C  Voltage:  10  M.V.  to  1000  Volts 
A.C.  Voltage:  0.1  to  750  Volts 
A.C.  Current:  10  AI.A.  to  10  Amps. 

D.C.  Current:  0.5  Microamps  to  10  Amps. 
Resistance:  0.5  Ohms  to  30  Megohms 

List:  1138.12  YouT  Cost  $73.50 

.  WESTON  MODEL  269 
FAN  SHAPED  METER 

One  of  the  Weston  popu¬ 
lar  fan  shaped  line.  Ex¬ 
ceptionally  long  scale  for 
size  of  instrument.  Ac¬ 
curacy — ^within  1%. 

Scale  length-74''. 

Spade  pointer.  Here  is  a  good  movement 
for  special  purpose  instruments.  (Tomes 
with  blank  scale  with  arc  drawn  in.  Ready 
for  plotting  calibration  points.  Gan  be  used 
to  make  up  any  range  of  volts,  amps,  MA., 
etc. 

Full  scale  deflection — 5  M.A.— 40  M.V. 

List  $29.83 

Your  Cost  $8.95 

10  for  $75.00 

•  BODINE  MOTOR 

A  small  but  rugged  built- 
in  spur  gear  reducer  motor. 
Three  wiie  reversible,  con¬ 
denser  start.  Type  KCl-22. 
115  volts  —  M  cycles  — 
3.7  R.P.M.  7.5  watts— 85 
inch  ounce  torque. 

Your  Cost  $7.50 


All  lt»m$  Lhftd  la  Tils  Ad  Ara  Maw, 
Ualats  Ofkarwisa  SpacHiad. 


G.E.  Synchronous  1  RPM  Motor 

Cieneral  Electric  Synchronous 
Inductor  Motor  (Heavy 
ti  Duty  Timing  Motor)  Model 
i;  5SMY20J.  115  volts— 60 
.  cycles — 1  R.P.M.  Three  wire 
''  '  reversible,  condenser  start.  1 
lb.  inch  torque.  Size:  rd  x  2^*  deep. 

Your  Cost  $4.95 
SPECIAL  METERS 

0-3  Amps.  R.  F.  Weston  425 . $535 

0-15  Amps.  R.  F.  Weston  507  .  330 

Resistance  Thermometer  30*  F.  to  230*  F. 

with  res.  bulb.  Weston  #727 .  4.95 

Weston  637  Freq.  Meter.  Aircraft  case  35/2". 
Range :  350-450  Cycles,  complete ....  435 


POWERTRON 


119  LAFAYETTE  STREET 


>N  Electrical  Equipment  Co. 

SURPLUS  DIVISION:  electro-tech  equipment  co. 

Phone:  worth  4-8610  NEW  YORK  13,  N.  Y. 
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Rang* 

Rang* 


A  20  to 
B  50to 


75  f/fiids 
160  pfifds 


plastic  base  dual  trimmer  tor  use  in  con¬ 
ventional  I.F.  Transformers. 

Easier  to  use,  better  for  drift,  and  lower 
in  price,  it  is  dimensionally  interchange¬ 
able  with  the  old  ceramic  trimmers. 

It  is  made  in  two  materials.  Type  L  64 
for  use  up  to  65^  C  and  type  L  74  up 
to  90°  C 


"lUTOMATiC 

MAMJFACTVR/NG 

CORPORATION  . 


The  modern 
Standardized  l.f. 
Better,  smaller, 
cheaper  to  use. 
Design  your  chassis 
to  use  it.  262  KC, 
455  KC,  10.7  MC. 


AND  AT  A  LOWER  COST! 


Automatic  has  applied  the  advanced 


techniques  used  in  the  K-TRAN  to  a 


U  C  lU 


BETTER 


f 


AUGUST  *1947 


\ 


A 


r*'''  t 


% 

/  I 


%« 


'■■yd 


AFTER 


NEW  ONE  Piece 
TERMINAL 


OLD  TERMINAL 


There  may  be  little  visible  physical  difference  betw««J 
good  violin  and  a  grecrf  violin.  But,  in  their  respedi 
performances,  these  almost  invisible  different 
may  make  all  the  difference.  Similarly,  while  i 
transmitting  tubes  may  took  alike  and  be  designed 
serve  the  same  purpose,  the  little  “extras”  are  i 
things  that  give  outstanding  distinction  to  Amperex  tub 


For  exompte,  one  of  these  “differences"  is  the  or 
piece  contact  pin,  grid  and  fitament  support  used 
the  Amperex  889R-A.  Heretofore,  the  pin  support  a 
seal  were  a  brazed  assembly  (a).  Now,  they  are  o 
unit,  made  of  pure,  oxygen-free  copper  which  is  m 
magnetic,  and  has  a  very  low  RF  resistance  and  hi 


conductivity.  A  strong  conical  form  replaces  the  lei| 
desirable  cylindrical  form  at  the  seal,  and  the  lack  dl 
brazing  eliminates  not  only  the  weaker  mechanical  c 
but  also  its  detrimental  effects  on  the  copper  and  t' 
glass  seal  (b).  { 


This  new  Amperex  structure  is  stronger  .  .  rri 
stronger!  Where  the  old  pins  could  be  distorted  : 
side  pressure,  the  new  ones  resist  that  pressure  up  to ' 
breaking  point  of  the  glass.  Not  only  have  we  o> 
strength  where  it  is  needed  but  the  one-piece  design  r 
enabled  us  to  relocate  and  redesign  the  anode  and  g 
shields  (c).  This  has  reduced  glass  heating  and  resu  ' 
punctures.  Laboratory  tests  also  indicate  a  rcr  arU 
freedom  from  grid-filament  shorts  caused  by  tHer 
fatigue.  Little  differences,  yesi— but  they  make  ‘ 
Amperex  889R-A  the  tube  to  use  when  you  e  v." 
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